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INTRON FUSION CONSTRUCT AND METHOD OF USING FOR SELECTING HIGH-
EXPRESSING PRODUCTION CELL LINES

This application claims priority under 35 U.S.C. § 119(e) from U.S. pfovisio,nal applicétion serial
no. 60/426,095, filed November 14, 2002, which is herein incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention
This invention relates to a DNA construct, a method of selecting for high-expressing host

cells, a method of producing a protein of interest in high yields and a method of producing

eukaryotic cells having multiple copies of a sequence encoding a protein of interest.

Description of Background and Related Art

The discovery of methods for mtroducmg DNA into living host cells in a ﬁ.mctlonal form

- has provided the key to understanding many "  fundamental biological processes, and has ‘made-

i
possible the production of important proteins-and other molecules m-commerma]ly useful

quantities.

Despite the general success of such gene transfer methods, several common problems exist
that may limit the efficiency with which a gene encoding a desired protein can be introduced into
and expressed in a host cell. One problem is knowing when tlhe gene has been successfully
transferred into recipient cells. A second problem is disﬁnguishiﬁg between those cells that contain
the gene and those that have survived the transfer procedures but-do not contain the géne. A third
problem is identifying and isolating those cells that contain the gene and that are expressing high
levels of the protein encoded by the gene.

In general, the known methods for introducing genes into eukaryouc cells tend to be highly
inefficient. ~Of the cells in a given culture, only a small proporuon take up and express
exogenously added DNA, and an even smaller proportion stably maintain that DNA.

Identification of those cells that have incorporated a product gene encoding a desired

protein typically is achieved by introduc_ing into the same cells another gene, commonly referred to
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as a selectable gene, that encodes a selectable marker. A selectable marker is a protein that is
necessary for the growth or survival of a host cell under th§ particular culture conditions chosen,
such as an enzyme that confers resistance to an antibiotic or other drug, or an enzyme that
compensates for a metabohc or catabolic defect in the host cell. For example, selectable genes
commonly used with eukaryotic cells mclude the genes for aminoglycoside phosphotransferase .
(APH), hygromycin phosphotransferase (hyg), dihydrofolate reduqtase (DHFR), thymidine kinase

(tk), neomycin resistance, puromycin resistance, glutamine synthetase, and asparagine synthetase.

The method of identifying a host cell that has incbrporated‘ one gene on the basis of
expression by the host cell of a second incorporated gene encoding a selectable marker is referred
to as cotransfectation (or cotransfeéﬁon). In that method, a gene encoding a desired polypeptide
and a selection gene typically are introduced into the host cell simultaneously. In this case of
simultaneous cotransfectation, the gene encoding the desired polypeptide and the selectable gene
may be present on a éingle DNA molecule or on separate DNA molecules prior to being introduced
into ‘the host cells. Wigler et al., Cell, 16:777 (1979). Cells that have incorporated the gene
encoding the desired polypepude then are identified or 1solated by culturing the cells under'»
conditions that preferentlally allow for the growth or survival of those célls that synthesme the.
selectable marker encoded by the selectable gene.

The level of expression of a gene introduced into a eukaryotic host cell depends on multiple .
factors, including gene copy number, efficiency of transcription, messenger RNA (mRNA)
processing, stability; and translation efficiency. Accordingly, high level éxpfession of a desired
polypeptide typically will involve optimizing one or more of those factors.

For example, the level of protein producuon may be increased by covalently j Jommg the
coding' sequence of the gene to a "strong" promoter or enhancer that will give ~h1gh levels of
transcription. Promoters and enhancers are nucleotide sequences that interact specifically Wifh
pfoteins in a host cell that are involved in transcription. Kriegler, Meth. Enzymol., 185:512
(1990); Maniatis et al., Science, 236: 1237 (1987). Promoters are located upstream of the coding
sequence of a gene and facilitate transcription of the gene by RNA polymerase. Among the

eukaryotic promoters that have been identified as strong promoters for high-level expression are
the SV40 early promoter, adenovirus major late promoter, mduse metallothionein-I promoter, Rous
sarcoma virus long terminal repeat, and human cytomegalovirus inimediate early pfomoter
(CMV). '
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Enhancers stimulate transcription from a linked promoter. Unlike promoters, enhancers are
active when placed downstream from the transcription initiation site or at considerable distances
from the promoter, although in practice enhancers may overlap physically and functionally with
promoters. For example, all of the strong promoters listed above also contain strong enhancers.

Bendig, Genetic Engineering, 7:91 (Academic Press, 1988).

The level of protein production also may be increased by increasing the gene copy number

in the host cell. One method for obtaining high gene copy number is to directly introduce into the

. host cell multiple copies of the gene, for example, by using a large molar excess of the product

gene relative to the selectable gene during cotransfectation. Kaufman, Meth. Enzymol., 185:537

(1990). With this method, however, only a small proportion of the cotransfected cells will contain
the product gene at high copy number. Furthermore, because no generally applicable, convenient B
method exists for. distinguishing such cells from the majority of cells that contain fewer copies of
the product gene, laborious and time-consuming screening methods typically are required to
identify the desired high-copy number transfectants.

Another method for obtaining high gene copy number involves cloning the gene in a vector

“that is capable of rephcatmg autonomously in the host cell. Examples of such vectors include

mammalian expression vectors derived from Epstein-Barr virus or bovine papilloma virus, and
yeast 2-micron plasmid vectors. Stephens & Hentschel, Biochem. J., 248:1 (1987); Yates et al.,
Nature, 313:812 (1985); Beggs, Genetic Engineering, 2:175 (Academic Press, 1981).

Yet another mothod for obtaining high gene copy number involves gene amplification in
the host cell. Gene amplification occurs naturally in eukaryotic cells at a relatively low frequency. -

* Schimke, J. Biol. Chem. 1263:5989 (1988). However, gene amplification also may be induced, or

at least selected for, by exposing host cells to appropriate selective pressure. For ‘example, in many
cases it is possible to introduce a product gene together with an amplifiable gene‘into a bost cell
and subsequently select for amplification of the roarker gene by exposing the cotransfected cells to
sequentially increasing concentrations of a selective agent. Typically the product gene will be
coamplified with the marker gene under such conditions. -

The most widely uéed amplifiable gene for that purpose is a DHFR gene, which encodes a
dihydrofolate reductase enzyme. The selection conditions used in conjunction with a DHFR gene

- are the absence of glycine, hypoxanthine and thymidine (GHT) with or without the presence of

methotrexate (Mtx). A host cell is cotransfected with a prodoct gene encoding a desired protein
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and a DHFR gene, and transfectants are identified by first culturing the cells in GHT —free culture
medium that may contains Mtx. A suitable host cell when a wild-type DHFR gene is used is the
Chinese Hamster Ovary (CHO) cell line deficient in DHFR activity, prepared and propagated as
described by Urlaub & Chasin, Proc. Nat. Acad. Sci. USA, 77:4216 (1980). The transfected cells
then are exposed to successively higher amounts of Mtx. This leads to the synthesis of multiple

copies' of the DHFR gene, and concomitantly, multiple copies of the product gene. Schimke, J.
Biol. Chem., 263:5989 (1988); Axel et al., U.S. Patent No. 4,399,216; Axel et al., U.S. Patent No.

4,634,665. Other references directed to co-transfection of a gene together with a genetic marker

that allows for selection and subsequent amplification include Kaufman in Genetic Engineering,
ed. J. Setlow (Plenum Press, New York), Vol. 9 (1987); Kaufian and Sharp, J. Mol. Biol.
159:601 (1982); Ringold et al., J. Mol. Appl. Genet., 1:165-175 (1981); Kaufiman ef al., Mol. Cell

. Biol., 5:1750-1759 (1985); Kaetzel and Nilson, J. Biol. Chem., 263:6244-6251 (1988); Hung et al.,

Proc. Natl. Acad. Sci. USA, 83:261-264 (1986); Kaufinan ef al., EMBO ., 6:87-93 (1987);
Johnston and Kucey, Science, 242:1551-1554 (1988); Urlaub ef al., Cell, 33:405-412 (1983).
‘To extend the DHFR amplification method to other cell types, a mutant DHFR gene that

~ encodes a protein with reduced sensitivity to methotrexate may be used in conjunctibn with host

cells that contain normal numbers of an endoéenous vwild-type DHFR gene. Simonsen and
Levinson, Proc. Natl._ Acad. Sci. USA, 80:2495 (1983); Wigler et al., Proc. Natl. Acad. Sci. USA,
77:3567-3570 (1980); Haber and Schimke, Somatic Cell Genetics, 8:499-508 (1982).

Alternatively, host cells may be co-transfected with the product gene, a DHFR gene, and a
dominant selectable gene, such as a neo' gene. Kim and Wold, Cell, 42:129 (1985); Capon et al.,
U.S. Pat. No. 4,965,199. Transfectants are identified by first culturing the cells in culture medium -

containing neomycin (or the related drug G418), and the transfectants so identified then are

selected for amplification of the DHFR gene and the product gene by exposure to successively
increasing amounts of Mtx. N

As will be appreciated from this discussion, the selection of recombinant host cells that
express high levels of a desired protein generally is a multi-step process. In the first step, initiﬂ

. transfectants are selected that have ‘incorporited the product gene and the selectable gene. In

subsequent steps, the initial transfectants are subject to further selection for high-level expression

of the selectable gene and then random screening for high-level expression of the product gene. To

.identify cells expressing high levels of the desired protein, typically one must screen large numbers
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of transfectants. - The majority of transfectants produce less than maximal levels of the desired

" protein. Further, Mtx resistance in DHFR transformants is at least partially conferred by varying

degrees of gene amplification. Schimke, Cell, 37:705-713 (1984). The inadequacies of co-
expression of the non-selected gene have been reported by Wold et al., Proc. Natl. Acad. Sci. USA,
76:5684-5688 (1979). Instability of the amplified DNA is reported by Kaufman and Schimke,
Mol. Cell Biol., 1:1069-1076.(1981); Haber and Schimke, Cell, 26:355-362 (1981); and Fedespiel
et al., . Biol. Chem., 259:9127-9140 (1984). |

Several methods have been described for directly selecting such recombinant host cells in a

single step. One strategy involves co-transfecting host cells with a product gene and a DHFR gene,

.and selecting those cells that express high levels of DHFR by directly culturing in medium

containing a high concentration of Mtx. Many- of the cells selected in that manner also express the.
co-transfected product gene at high levels Page and Sydenham, Bio/T: echnology, 9:64 (1991). This
method for single-step selection suffers from certain drawbacks that limit its usefulness. High-

expressing cells obtained by direct culturing in medium containing a high level of a selection agent
may have poor growth and stablhty characteristics, thus limiting their usefulness for long-term
production processes Page and Snyderman, Bio/T: echnology, 9:64 (1991). Single-step selection
for high-level resistance to Mtx may produce cells with an altered, Mix-resistant DHFR cnzyme or
cells that have altered Mtx transport properties, rather than cells containing amplified genes. Haber
et al., 1. Biol. Chem., 256:9501 (1981); Assaraf and Schimke, Proc. Natl. Acad. Sci. USA, 84:7154
(1987). | o ' |
Another method involves the use of polycistronic mRNA expression vectors containing a

product gene at the 5' end of the transcribed region and a selectable gene at the 3' end. Because
translation of the selectable gene at the 3' end of the polycistronic mRNA is inefficient, such
vectors exhibit preferential translation of the product gene and require high levels of polycistronic
mRNA to survive selection. Kaufman, Meth. Enzvmol 185:487 (1990); Kaufman, Meth.
Enzymol., 185:537 (1990); Kaufman ez al., EMBO J., 6 187 (1987). Accordmgly, cells expressing
high levels of the desired protein product may be obtained in a single step by culturing the initial

transfectants in medium containing a selection agent appropriate for use with the particular
selectable gene. However, the utlhty of these vectors is variable because of the unpredictable
influence of the upstream product readmg frame on selectable marker translation and because the
upstream reading frame sometimes becomes deleted durmg methotrexate amplification (Kaufman
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et al, J. Mol. Biol., 159:601-621 (1982); Levinson, Methods in Enzymology, San Diego:

Academic Press, Inc. (1990)). Later vectors incorporated an internal translation initiation site
derived from members of the picornavirus family which is positioned between the product gene
and the selectable gene (Pelletier et al., Nature, 334:320 (1988); Jang et al, J. Virol.,, 63:1651
(1989)). , . '

A third method for single-step selection involves use of a DNA construct with a selectable

gene containing an intron within which is located a gene encoding the protein of interest. See U.S.

" Patent No. 5,043,270 and Abrams ef al, J. Biol. Chem., 264(24): 14016-14021 (1989). In yet

another single-step selection method, host cells are co-transfected with an intron-modified
selectable gene and a gene encoding the protein of intereét. See WO 92/17566, published October
15, 1992. The intron-modified gene is prepared by inserting into the transcribed region of a
selectable gene an intron of such length that the intron is correctly spliced frogn the corresponding
mRNA precursor at low efficiency, so that the .amount of selectable marker produced from the
intron-modified selectable gene is substantially less than that produced from the starting selectable
gene. These vectors help to insure the integrity of the integrated DNA construct, but transcriptional
linkage is not achieved as selectable gene and the protein gene are driven by separate promoters.
.Other mammalian expression vectors that have single transcription units have been described. -

Retroviral vectors have been constructed (Cepko et al., Cell, 37:1053-1062 (1984)) in which é
cDNA is inserted between the endogénous Moloney murine leukemia virus (M-MulLV) splice
donor-and splice acceptor sites which are followed by a neomycin resistance gene. This vector has
Been used to express a variety of gene products folIowihg retroviral infection of several cell types.

- A method for selecting recombinant host cells expressing high levels of a desired protein

_ was previously described by the applicants in Lucas et al, Nucleic Acid Research, 24, No. 9:

1774-1779 and U.S. Patent No. 5,561,053. That method utilizes eukaryotic host cells harboring a
DNA construct comprising a selectable gene (preferably an amplifiable gene) and a product gene
provided 3' to the selectable gene. The selectable gene is positioned within an intron defined by a
splice donor site and a splice acceptor site and the selectable gene and product gene are under the
transcriptional coentrol of a single ti'anscriptional regulatory region. The splice donor site is
generally an efficient splice donor site and thereby regulates expression of the pioduct gene‘ using
the transcriptional regulatory region. The transfecféd célls are cultured so as to express the gene
encoding the product in a selective medium which may contain an amplifying agent for sufficient
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time to allow cells having multiple copies of the product gene, or cells with a single (or multiple)
copy of the gene in a chromosomal loci with high transcriptional activity to be identified.
_ Other fusion expression constructs have been developed. For example, a fusion of green

flourescent protein with the Zeocin-resistance marker construct has been created. Bennet, RP. et

~ al, Biotechniques. 24(3):478-82, 1998 March. - Such constructs were used to allow visual

screening and drug selection of transfected eukaryotic cells.

In another example, human prothrombin was overexpressed in transformed eukaryotic
cells using a dominant bifun.ctional selection and amplification marker. Herlitschka, Sabine E. et
al, Protein Expression and Purification. 8, 358-364, 1996 July. In this reference the marker
consisted of the murine wild—type dihydrofolate reductase cDNA and the E coli hygromycin-
phosphotransferase gene fused in frame. The gene of interest is connected, upstream, by the
EMCYV untranslated region to the fusion mérker gene, forming a dicistronic transcription unit.

With the state of the art in mind, it is one object of the present invenﬁon to increase the
level of homogeneity with regard to expression levels of stable clones transfected with a produbt
gene of interest, by expressing fused selectable markers (i.e. DHFR and puroniycin) and a protein
of interest from a single promoter. . _

It is another object to provide a method for selecting stablé, recombinant host cells that
express high levels of a desired protein product, which .method is rapid and convenient to perform,
and reduces the numbers of transfected cells which need to be screened. Furthermore, it is an

object to allow high levels of single and multiple unit polypeptides to be rapidly generated from

~ clones or pools of stable host cell transfectants.

"It is an additional object to provide' expression vectors which bias for active integration
events (i.e. have an increased tendency to generate transformants wherein the DNA. construct is
inserted into a fegion of the genome of the host cell which results in high level expression of the

product gene) and can accommodate a variety of product genes without the need for modification.

SUMMARY OF THE INVENTION
Accordingly, the present invention is directed to a DNA construct (DNA molecule)-

comprising a 5' transcriptional initiation site and a 3' transcriptional termination site, two selectable
genes that have been fused into one open reading frame (preferably amplifiable genes) and a
product gene provided 3' to the fused selectable' genes, a transcriptional regulatory region
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regulating transcription of both the fused selectable genes and the product gene, the fused
selectable genés positioned within an intron defined by a splice donor site and a splice acceptor
site. The splice donor site preferably comprises an effective splice donor sequence as herein
defined and thereby regulates expression of the product gene using the transcriptional regulatory
region. |

In another embodiment, the invention provides a method for producing a product of interest
comprising culturing a eukaryotic cell which has been transfected with the DNA construct
described above, so as to express the product gene and recovering the product.

In a further embodiment, the invention provides a method for producing eukaryotié cells
having multiple copies of the product gene comprising transfecting_eukaryotic ceﬂs with the DNA

_construct described above (where the selectable fused genes are amplifiable genes), growing the

cells in a selective medium comprising an amplifying agent(s) for a sufficient time for

ampliﬁéatibn to occur, and selecting cells having multiple qopies of the product gene. After.

~ transfection of the host cells, most of the transfectants fail to exhibit the selectable phenotype

characteristic of the protein encoded by-eithér of the selectable genes, but éuxprisingly a small
proportion of the transfectants do exhibit one or both of the selectable phenotype, and among
those transfectants, the majority are found to express high levels of the desired product encoded by
the product gene. Thus, the invention provides an improved method for the selection of
recombinant host cells expressing high levels‘ of a desired product, which method is useﬁﬂ with a:
wide variety of eukaryotic host cells and avoids the problems inherent in, and improves upon,

existing cell selection technology.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates schematically the construction of the pSV.IPD. The gene for the protein of
interest would be inserted at the polylinker site.

Figures 2-1 to 2-4 depict the nucleotide sequence of the pSV.IPUR plasmid used in
constructing pSV.IPD (SEQ IDNO 1).

Figures 3-1 to 3:4 depict the nucleotide sequence of the pSV.ID plasmid used in

_ constructing pSV.IPD (SEQ ID NO 2).

" Figures 4-1 to 4-4 depict the nucleotide sequence of the pSV.IPi) (SEQ ID NO 3).
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Figure 5 illustrates schematically the plasmid, pSV.ID.VEGF, used as a control in Example

. Figure 6 illustrates schematically the plasmid, pSV.IPD.2C4, used in Example 1 (SEQ ID

NO 4). ' '
Figures 7-1 td 7-8 -depict the nucleotide sequence of the pSV.IPD.2C4 plasmid used in

Example 1. ' .

_ Figure 8 depicts a FACS analysis of transiently transfected CHO cells with a GTP piasmid

. in250ml spinner transfection. FACS analysis was performed 24 hours after transfection. |

Figure 9 depicts the expression level of clones from traditional 10nM MTX selection.
Cells were transfected with commercial transfection reagent and directly selected in 10 nM MTX.
Individual clones were grown in a 96-well plate. Product accumulated for 6 days prior to ELISA.

Figures 10-1 and 102 depict the expression level of clones from 25 and 50 nM MTX direct
selections, respectively, of SV40-based constructs derived from spinner transfection. The assay
was pérformed the same as in Figure 9. ) '

Figure 11 depicts the expression level of clones from 25 nM MTX direct selection of
CMV-based construct derived from spinner transfection. The assay was performed the same as in
Figure 9. _ : . _

Figure 12 depicts the titer evaluation in Miniferm. Samples were collected every day and
submitted to an HPLC protein A assay for titer. 4 ' o .

Figure 13-1 to 13-7 depict the nucleotide sequence of the pCMV.IPD.Heterologous
polypeptide (HP) plasmid used in Example 3. | ' ' .
Figure 14-1 to 14-8 V'dep-icts the nucleotide sequence of the pSV40.IPD:HP plasmid used in

- Example 3.

Figure 15 illustrates schematically the plasmid, pCMV.IPD.HP, used in Example 3.

Figure 16 illustrates a time line and titer comparison between a traditional selection and
direct selection method described in Example 3. Equivalent titers are indicated horizontally across
the illustration. For example, the titers for a 200/300nM SV40-plasmid traditional seiection,
100nM SV40-plasmid direct selection and 25nm CMV-plasmid direct selection are roughly
equivalent. - . | ‘ |

DESCRIPTION OF THE PREFERRED EMBODIMENT
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The "DNA construct" discloséd herein comprises a non-naturally occurring DNA molecule
or chemical analog which can either be prdvided as an isolate or integrated in another DNA
molecule e.g. in an expression vector or the chromosome of an eukaryotic host cell. |

The term "selectable gene" as used herein refers to a DNA that encodes a selectable marker
necessary for the growth or survival of a host cell under the particular cell culture conditions
chosen. Accordingly, a host cell that is ﬁansformed with- a selectable gene will be capable of
growth or survival under certain cell culture conditions wherein a non-transfected host cell is not -
capable of growth or survival. Typically, a selectable gene will confer resistance to a drug or

compensate for a metabolic or catabolic defect in the host cell. Examples of selectable genes are

. provided in the following table. See also Kaufman, Methods in Enzymology, 185: 537-566 (1990),

for a review of these; o
" “Fused selectable genes” as used herein refers to a DNA that encodes at least two

selectable markers in the same open reading frame and inserted into an intron sequence.

10
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TABLE1
Examples of Selectable Genes and their Selection Agents

. n.-..?_l
w .

Selection Agent Selectable Gene
Puromycin 7 Puromycin-N-acetyltransferase
Methotrexate . Dihydrofolate reductase
Cadmium | Metallothionein
PALA CAD
Xyl-A-or adenosine and 2'- Adenosine deaminase
deoxycoformycin
Adenine, azaserine, and coformycin Adehylate deaminase
6-Azauridiné, pyrazofuran UMP Synthetase
Mycophenolic acid | IMP 5'-dehydrogenase |

Mycophenolic acid with limiting

Xanthine-guanine

xanthine phosphoribosyltransferase
Hypoxanthine, aminopterin, and- Mutant HGPRTase or mutant
thymidine (HAT) thymidine kinase
5-Fluorodeoxyuridine Thymidylate synthetase

Multiple drugs e.g. adriamycin,

vincristine or colchicine

P-glycoprotein 170

Aphidicolin

Ribonuclepu'de-reductase

Methionine sulfoximine

11

Glutamine synthetaSc
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f-Aspartyl hydroxamate or Albizziin Asparagine éynthetase
Canavanin; Arginosuccinate synthétase
- a-Difluoromethylornithine Omithine decarboxylase
Compactin : HMG-CoA reductase
Tunicamycin - N-Acetylglucésmnjnyl transferase -
Borrelidin | _ Threonyl’-fRNA synthetase
O@dn - Na‘K*-ATPase

The preferred selectable genes are é.mpliﬁable genes. As used herein, the tefm “ampliﬁablc
géne" refers to a gene which is amplified (i.e. additional copies of the gene are generated which
sufvive in intmchromdsomal or extrachromosomal form) under certain conditions. The
amplifiable gene(s) usually encodes an enzyme (i.e. an zimpliﬁ_gble marker) which is required for
growth of eukaryotic cells under those conditions. For example, the gene may encode DHFR
which is amplified' when a host cell transformed therewith is grown in Mtx. According to
Kaufiman, the selectable genes in Table 1 above can also be considered amplifiable genes. An
example of a selectable gene which is. generally not considered to be an amplifiable gene is the
neoxﬁycin resistance gene (Cepko et al., supra).

As used herein, "selective medium" refers to nutrierit solution used for growing eukaryotic

cells which -have the selectable gene(s) and therefore is deficient in components supplied by the

~ selectable gene or includes a "selection agent'. Commercially available media based on

formulations such as Ham's F10 (Sigma), Minimal Essential Medium ((IMEM), Sigma), RPMI-
1640 (Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma):are exemplary
nutrient solutions. In addition, any of the media described in Ham and Wallace, Meth. Enz., 58:44 ‘

(1979), Bérnes and Sato, Anal. Biochem. 102:'2'55 (1980), U.S. Patent Nos. 4,767,704; 4,657,866; |

- 4,927,762; or 4,560,655; WO 90/03430; WO 87/00195; U.S. Patent Re. 30,985; or U.S. Patent No.

5,122,469, the disclosures of all of which are incorporated herein by reference, may be used as

culture media. Any of these media may be supplemented as necesséry with hormones and/or other

12
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growth factors (such as insulin, transferrin, or epidermal growth factor), salts (such as sodium
chloride, calcium, magnesium, and phosphate), buffers (such as HEPES), nucleosides (such as
adenosine and thymidine), antibiotics (such as Gentamycin™ drug), trace elements (defined as
inorganic compounds usually present at final concentrations in the micromolar range), and glucose
or an equivalent energy source. Any other necessary supplements may alsb be included at
appropriate concentrations that would be known to those skilled in the art. The preferied nutrient |
solution comprises fetal bovine serum. |

The term "selection agent" refers to a substance that interferes with the growth or survival
of a host cell possibly because fhe cell is deficient in a particular selectable gene. Examples of
selection agents are preéented in Table 1 above. The selection agenf preferably comprises an
“amplifying agen " which is defined for purposes herein as an agent for amplifying copies of the

amplifiable gene or causing integration of multiple copies of the amplifiable gene into the genome,

“such as Mix if the amplifiable gene is DHFR. See Table 1 for examples of amplifying agents.

As used herein, the terms “direct selection” or “direct culturing” means the first exposure 53

selective conditions either without MTX or GHT or with MTX, and production of a heterologous '

polypeptide in an amount of about 250mg/l, 400mg/l, 600mg/l or 800mg/l up to. about 1g/l or -
more.

As used herein, the term "transcriptional initiation site" refers to the nucleic acid in the

- DNA construct COrresponding to the first nucleic acid incorporated into the primary transcript, i.e.,

the mRNA precursor, which site is generaily provided at, or adjacent to, the 5' end of the DNA
construct. '

The term “transcriptional termination site" refers to a sequence of DNA, norrﬁa]ly
represented at the 3' end of the DNA construct, that causes RNA polymerase to terminate
transcription. i

As used herein, "transcriptional regulatory region" refers to a region of the DNA construct
that regulates transcription of the selectable gene and the product genme. The transcriptionzﬂ ’
regulatory region normally refers to a promoter sequence (i.e. a region of DNA involved in binding
of RNA polymerase to initiate transcription) which can be constitutive or inducible and, optionally,
an enhancer (i.e. a cis-acting DNA element, usually from about 10-300 bp, that acts on a promoter

to increase its transcription).
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As used herein, "product gene" refers to DNA that encodes a desired protein or bolypeptide
product. Any product gene that is capable of expression in a host cell may be used, although the
methods of the invention are particularly suited for obtaining high-level expression of a product
gene that is not also a selectable or amplifiable gene. Accordingly, the protein or polypeptide
encoded by a prodﬁct gené typically will be one that is not necessary for the growth of survival of a

" host cell under the particular cell culture conditions chosen. For example, product genes suitably

encode a peptide, or may encode a polypeptide sequence of amino acids for which the chain length
is sufficient to produce higher levels of tertiary and/or quaternary structure.

Examples of bacterial polypeptides or proteins include, e.g., alkaline phosphatase and B-
lactamase. Exarﬁple_s'of mammalian polypeptides or pfoteins include molecules such as renin; a
growﬂ1 hormone, including human growth hormone, and bovine growth hormone; growth
hormone releasing factor; parathyroid hormone; thyroid stimulating hormone; lipoproteins;. alpha-
'l—antiirypsin; insulin A—chain; insulin B-chain; proinsulin; follicle stimulating hormone; calcitonin;
luteinizing hormone; glucagon; clotting factors such as factor VIIIC, factor IX, tissue factor, and -
von Willebrands féctor, anti-clotting factors such as Protein C; atrial natriuretic factor; lung
surfactant; a plasminogen activator, such as urokinase or human urine or tissue-type plasminogen
activator (t-PA); bombesin; thrombin; hemopoietic growth factor; tumor necrosis factor-alpha and
-beta; enkephaliriasb; RANTES (regulated on activation normally T-cell expressed and secreted);
human macrophage inflammatory protein (MIP-1-alpha); a serum albumin such as human serum

albumin; mullerian-inhibiting substance; relaxin A-chain; relaxin B-chain; prorelaxin; mouse

. gonadotropin-associated peptide; a microbial protein, such as beta-lactamase; DNase; inhibin;

activin; vascular endothelial growth factor (VEGF); receptors for hormones .o.r growth factors;
integrin; protein A or D; rheumatoid factors; a neurotrophic factor such as bone-derived
neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve
growth factor such as NGF-; platelet-derived growth factbr (PDGF); fibroblast growth factor such
as aFGF and bFGF; epidermal growth factor (EGF); transforming growth factor (T GF) such as
TGF;alpha and TGF-beta; including TGF-B1, TGF-B2, TGF-B3, TGF-p4, or TGF-B5; insulin-like
growth factor-I and -II (IGF-I and IGF =IT); des( 1-3)-IGF-I (brain IGF-I), insulin—liké growth factor -
binding proteins; CD proteins such as CD-3, CD-4, CD-8, and CD-19; erythropoietin;
osteoinductive factdrs; immunotoxins; a bone morphogenetic protein (BMP); an interferon such as

interferon-alpha, -beta, and -gammaj; colony stimulating factors (CSFs), e.g., M-CSF, GM-CSF,
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and G-CSF; in_terleukinS (ILs), e.g., IL-1 to IL-10; superoxide dismutase; T-cell receptors; surface
membrane proteins; decay accelerating factor; viral antigen such as, for example, a portion of the
AIDS envelope; transport protéins; homing 'receptors; éddressins; regulatory proteins; antibodies;
chimeric proteins such as immunoadhesins and fragments of any of the above-listed polypeptides.

The ;Sroduct gene preferably does not consist of an anti-sense sequence for mﬁibiﬁng the
expression of a gene present in the host. Preferred proteins herein are therapeutic proteins such as
TGF-8, TGF-qa, PDGF , EGF, FGF, IGF-1, DNase, plasminogen activators such as t-PA, clotting
factors such as tissue factor énd factor VIII, hormones such as relaxin and insulin, cytokines such
as IFN-y, chimeric proteins such as TNF receptor IgG immunoadhesin (TNFr-IgG) or antibodies
such as anti-IgE. An exaxhple of an antibody that can be produced with the pSV.IDP plasmid
(F igure 4) is anti-HER2 Neu antibody, 2C4, as provided in Example 1, supra

The term "intron" as used herein refers to a nucleotide sequence present within the
transcribed region of a gene or within a messenger RNA precursor, which nucleotide sequence is
capable of being excised, or spliced, from the messenger RNA precursor by a host cell prior to.
translétion. Introns suitable for use in the present invention are suitably prepared by any of several
methods that are well known in the art, such as purification from a naturally occurring nucleic acid '
or de novo synthesis. The introns present in many naturally occurring eukaryotic geﬁes have been.

identified and characterized. Mount, Nuc. Acids Res., 10:459 (1982). Artificial introns

" comprising functional splice sites also have been described. Winey ef al., Mol. Cell Biol., 9:329
Q1 989); Gatermann et al., Mol. Cell Biol., 9:1526 (1989). Introns may be obtained from naturally

occurring nucleic acids, for example, by digestion of a naturally occurring nucleic acid with a
suitable restriction endonuclease, or' by PCR cloning using primers complementary to sequences at

the 5' and 3' ends of the infron. ~ Alternatively, introns of defined sequence and length may be

prepared synthetically using various methods in organic chemistry. Narang et al., Meth. Enzymol.,
68:90 (1979); Caruthers et al., Meth. Enzymol., 154:287 (1985); Froehler et al., Nuc. Acids Res.,
14:5399 (1986).

As used herein "splice donor site" or ;'SD" refers to the DNA sequence immediately

surrounding the exon-intron boundary at the 5' end of the intron, where the "exon" comprises the
nucleic acid 5' to the intron. Many splice donor sites have been characterized and Ohshima et dl., J.
Mol. Biol., 195:247-259 (1987) provides a review of these. An "efficient splice donor ‘sequenoe"

refers to a nucleic acid sequence encoding a splice donor site wherein the efficiency of splicing of

15



e

WO 2004/046340 PCT/US2003/037047

messenger RNA precursors having the splice donor sequence is between about 80 to 99% and
preferably 90 to 95% as determined by quantitative PCR. Examples of efficient splice donor
sequences include the wild type (WT) ras splice donor sequence and the GAC:GTAAGT sequence
of Example 3. Other efficient splice donor sequenbes can be readily selected using the techniques
for measuring the efficiency of sphcmg dlsclosed herein. ‘ A

The terms "PCR" and "polymerase chain reaction" as used herein refer to the in vitro
amplification method described in US Patent No. 4,683,195 (issued July 28, 1987). In general, the
PCR method involves repeated cycles of primer extension synthesis, using two DNA primers
capable of hybridizing preferentlally to a template nucleic acid comprising the nuclectide sequence
to be amplified. The PCR method can be used to clone specific DNA sequences from total
genomic DNA, cDNA transcribed from cellular RNA, viral or plasmid DNAs. Wang & Mark, in

"PCR Protocols, pp.70-75 (Acadeinic Press, 1990); Scharf, in PCR Protocols, pp. 84-98; Kawasaki

& Wang, in PCR T_echholop:v, pp. 89-97 (Stockton Press, 1989). Reverse transcription-polymerase |

_ chain reaction (RT-PCR) can be used to analyze RNA samples containing mixtures of spliced and

unspliced mRNA transcripts. Fluorescently tagged primers designed to span the intron are used to
amplify both spliced and unspliced targets. The resultant amplification products are then separated
by gel electrophoresis and quantitated by measuring the fluorescent emission of the appropriate
band(s). A comparison is made to determine the amount of spliced and unspliced transcripts
present in the RNA sample. ' '

' One preferred splice donor sequence is a "consensus splice donor sequence". The
nucleotide sequences surrounding intron splice sites, whjch sequences are evolutionarily highly
conserved, are referred to ‘as "consensus splice donor sequences". In the mRNAs of higher
euka.rj}otes, the 5' splice site occurs within the consensus sequence AG:GUAAGU (wherein the
colon denotes the site of cleavage and ligation). In thé mRNAs of yeast, the 5' splice site is-

bounded by the consensus sequence :GUAUGU. .Padgett, et al, Ann. Rev. Biochem., 55:1119

(1986). _ ,
" The expression "splice acceptor site" or "SA" refers to the. sequence immediately
surrounding the intron-exon boundary at the 3' end of the intron, where the "exon" comprises the
nucleic acid 3' to the intron. Many splice acceptor sites have been characterized and Ohshima et

al,l. Mol. Biol., 195:247-259 (1987) brbVides a review of these. The preferred splice acceptor site |

is an efficient splice acceptdr site which refers to a nucleic acid sequence encoding a splice
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acceptor site wherein the efficiency of splicing of messenger RNA precursors having the splicé
acceptor site is between about 80 to 99% and preferably 90 to 95% as determined by quantitative
PCR. The splice acceptor site may comprise a consensus sequence. In the mRNAs of higher
eukaryotes, the 3' splice acceptor site occurs within the consensus sequence (U/C)uNCAG G. In
the mRNAs of yeast, the 3' acceptor splice site is bounded by the consensus sequence (CHAG:.
Padgett, et al., supra.

_ As used herein "culturing for sufficient time to allow amphﬁcatxon to occur" refers to the
act of physically culturing the eukaryotic host cells which have been transformed with the DNA
construct in cell culture media containing the amplifying agent, until the copy number Qf the
amplifiable gene (and preferably also the copy ﬁmnber of the product gene) in the host cells has
increased relative to the transformed cells prior to this culturing. |

The term "expression" as used herein refers to transcription or translation occurring within
a host celi. The level of expression of a product gene in a host cell may be determined on the basis
of either the amount of corresponding mRNA that is presént in the cell or the amount of the protein
encoded by the product gene that is produced by the cell. For example, mRNA transcribed from a
product gene is desirably quantitated by northern hybndlzai:lon or quantitative real-time PCR.
Sambrook, et al., Molecular Cloning: A Laboratory Manual, pp. 7.3-7.57 (Cold Spring Harbor
Laboratory Press, 1989). Protein encoded by a product gene can be quantitated either by assaying

for the biological activity of the protein or by employing assays that are independent of such
activity, such as western blotting or radioimmunoassay using antibodies that are capabie of
reacting with the protein. Sambrook, ef al., Molecular Cloning: A Laboratory Manual, pp. 18.1-
18.88 (Cold Spring Harbor Laboratory Press, 1989).

Modes for Carrying Out the Invention
Methods and compositions are provided for enhancing the stability and/or copy number of

a transcribed sequence in order to allow for elevated levels of a RNA sequence of interest. In

‘general, the methods of the present invention involve transfecting a eukaryotic host cell with an

expression vector comprising both a product gene encoding a desired polypeptide and fused
selectable genes. . '

Selectable genes and - product genes may be obtained from genomic DNA cDNA
transcribed from cellular RNA, or by-in vitro synthesis. For example, libraries are screened with
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probes (such as antibodies or oligonucleotides of about 20-80 bases) designed to identify the
selectable gene or the product gene (or the protein(s) encoded thereby). Screening the cDNA or
genoﬁic library with the selected probe may be conducted using standard procedures as described
in chapters 10-12 of Sambrook et al., Molecular Cloning: A Laboratory Manual (New York: Cold

'Spring Harbor Laboratory Press, 1989). An alternative means to isolate the selectable gene or

product gene is to use PCR methodology as described in section 14 of Sambrook ef al., supra.

A preferred method of practicing this invention is to use carefully selected oligonucleotide
sequences to screen cDNA libraries from various tissues known to contain the selectable gene or
product gene. The oligonucleotide sequences selected as probes should be of sufficient length and
sufficiently unambiguous that false positives are minimized. |

The oligonucleotide generally is labeled such that it can be detected upon hybridization to
DNA in the library being screened. The preferred method of labeling is to use **P- labeled ATP
with polynucleotide kinasé, as is well known in the ért, to radiolabel the oligonucleotide.
However, other methods may be used to label the oligonucleotide, including, but not limited to,
biotinylation or enzyme labeling. .

Sometimes, the DNA encoding the fused selectable genes and product gene is preceded by
DNA encoding a signal sequence having a specific cleavége site at the N-terminus of the mature
protein or polypeptide. In general, the signal 'sequence may be a component of the expression
vector, or it may be a part of the selectable gene or product gene that is inserted into the expression
vector. If a heterologous signal sequence is used, it preferably is one that is recognized and
processed (i.e., cleaved by a signal peptidase) by the host cgll. For yeast secretion the native signal
sequence may be substituted by, e.g., the yeast invertase leader, alpha factor leader (including
Saccharomyces and Kluyveromyces o-factor leaders, the latter described in U.S. Pat. No. 5,010,182
issued 23 April 1991), or acid phosphatase leader, the C. albicans glucoamylase ‘leader (EP
362,179 published 4 April 1990), or the signal described in WO 90/13646 published 15 November
1990. In mammalian cell expression the native signal sequence of the protein of interest is

satisfactory, although other mammalian signal sequences may be suitable, such as signal sequences

~ from secreted polypeptides of the same or related species, as well as viral secretory leaders, for

example, the herpes simplex. gD signal. The DNA for such precursor region is ligated in reading

frame to the fused selectable genes or product gene.
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As shown in Figure 1, the ﬁlsed selectable genes are generally provided at the 5' end of the
DNA construct and are followed by the product gene (which would be inserted into the linker site). |,
Therefore, the full-length (non-spiced) message will éontain, for example, the PURO-DHFR fusion
as the first open reading frame and will therefore generate PURO-DHFR protein to allow selection
of stable transfectants. The full length message is not expected to generate appréciable amounts of
the protein of interest as the second AUG in a dicistronic message is an inefficient initiator of
translation in mammalian cells (Kozak, J. Cell Biol., 115: 887-903 (1991)).

The fused selectable genes are positioned within an intron. Introns are noncoding

nucleotide sequences, normally present within many eukaryotic genes, which are removed from

newly transcribed mRNA precursors in a multiple-step process collectively referred to as splicing.

A single mechanism is thought to be responsible for the splicing of mRNA precursors in
mammalian, plant, and yeast cells. In general, the process of splicing requires that the 5t and.3'
ends of the intron be correctly cleaved and the resulting ends of the mRNA be accurately joined, -
such that a2 mature mRNA having the proper reading frame for protein synthesis is produced.
Analysis of a variety of naturally occurring and synthetically constructed mutant genes has shown
that nucleotide changes at many of ﬁe positions within the consensus sequences at the ‘5' and 3'

splice sites have the effect of reducing or abolishing the synthesis of mature mRNA. Sharp,

" Science, 235:766 (1987); Padgett, et_al., Ann. Rev. Biochem., 55:1119 (1986); Green, Ann. Rev.

anit, 20:671 (1986). Mutational studies also have shown that RNA secondary structures
involving splicing sites can affect the efficiency of splicing. Solnick, Cell, 43:667 (1985);
Konarska, ef al., Cell, 42:165 (1985).

" The length of the intron may also affect the efficiency of splicing. By making deletion

‘mutations of different sizes within the large intron of the rabbit beta-globin gene, -'Wieringa,_et al.

determined that the minimum intron length necessary for correct spiicing is about 69 nucleotides.
Cell, 37915 '(198'4). Similar studies of the intron of the adenovirus E1A region have shown that an
intron length of about 78 nucleotides allows correct sp]jcing to occur, but at reduced efficiency.
Increasing the length of the intron to 91 nucleotidés restores normal splicing efficiency, whereas
truncating the intron to 63 nucleotides abolishes correct splicing. Ulfendahl, et al., Nuc. Acids
Res., 13:6299 (1985).

. To be useful in the invention, the intron must have a length such that splicihg of the intron

from the mRNA is efficient. The preparation of introns of differing lengths is a routine matter,
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~ involving methods well known in the art, such as de novo synthesis or in vitro deletion

mutagenesis of an existing intron. Typically, the intron will have a length of at least about 150
nucleotides, since introns which are shorter than this tend to be spliced less efficiently. The upper
limit for the length of the intron can be ﬁp fo 30 kB or more. However, asa general proposition,
the intron is generally less than about 10 kB in length.

The intron is modified to contain the fused selecta;ble genes not nqﬁnally present within the
intron usihg any of the various known methods for modifying a nucleic acid-in vitro. Typically,
the fused selectable genes will be introduced into an intron by first cleaving the intron with a
restriction endonuéléase, and then covaienﬂyjoining the re'sulting restriction fragments to the fused
selectable geﬁes in the correct orientation for host cell expression, for exam}»le by ligation with a
DNA ligasé enzyme. .

The DNA construct is dicistronic, i.e. the fused selectable genes énd product gene are both

‘under the uanségipﬁonal control of a single transcriptional régulatory région. As mentioned above,
the transcriptional regulatory region comprises a promoter. Suitable promoting sequences for use

with yeast hosts include the promoters for 3-phosphoglycerate kinase (Hitzeman et al., Biol
Chem., 255:2073 (1980)) or other glycolyuc enzymes (Hess et al., J. Adv. Enzvme Reg., 7:149
(1968); and Holland, Blochemlm, 17 4900 (1978)), such as enolase, glyceraldehyde-3-phosphate
dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokmase, glucose-6-phosphate

isomerase, 3-phosphoglycerate —mutase, pyruvate kinase, triosephosphate isomerase,

4 phosphoglucose isomerase, and glucokinase.

Other yeast promoters, which are inducible promoters having the additional advantage of
transcription controlled by growth cbndiﬁons, are the‘promloter regions for alcohol dehydrogenase '
2, isocytochronie C, acid phosphatase, degradative enzymes associated with nitrogen metabolism, |
metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose
And galactose utilization. Suitable vectors and promoters for use in yeast expression are ﬁlrther

described in Hitzeman ef al., EP 73,657A. Yeast enhancers also are advantageously used with

yeast promoters.

Expression control sequences are known for eukaryotes. Virtually all eukaryotic genes
have an AT-rich region located approx1mately 25 to 30 bases upstream from the site where
transcription is initiated. Another sequence found 70 to 80 bases upstream from the start of
transcription of many genes is a CXCAAT region where X may be any nucleotide.
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Product gene transcription from vectors in mammalian host cells is controlled-by promoters
obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,211,504
published 5 July 1989), adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma
virus, a Tetrovirus, hépatitis—B virus and most preferably’ Simian Virus 40 (SV40) or
cytomegalovirus (CMV), from heterologous mammalian promoters, e.g. the actin promoter or an
immunoglobulin promoter, from heat-shock promoters, and from the promoter normally associated
with the product gene, provided such promoters are compatible with the host cell systems.
Promoters endogenous to the host cell system, such as the CHO Elongatlon Factor 1 alpha
promoter may also be used. ' '

The early and late promoters of the SV40 virus are conveniently obtained as an SV40
restriction fragment that also mn@ns the SV40 viral origin of replication. Fiers et al., Nature
273:113 (1978); Mulligan and Beré, Science, 209:1422-1427 (1980); Pavlakis et al., Proc. Natl.
Acad. Sci. USA, 78:7398-7402 (1981). The immediate early promoter of th¢. human

cytomegalovirus (CMV) is conveniently obtained as a HindIll E restriction fragment. Greenaway
et al., Gene, 18:355-360 (1982). A system for expressing DNA in mammalian hosfs using the
bovine papilloma virus as a vector is disclosed in U.S. 4,419,446. A modification of this system is
described in U.S. 4,601,978. See also Gray ef al., Nature, 295'503-508 (1982) on expressing
c¢DNA encoding immune interferon in monkey cells; , Reyes et al., Nature, 297:598-601 (1982) on

expression of human B-interferon cDNA in mouse cells under the control of a thymidine kinase
promoter from herpes simplex virus, Canaani and Berg, Proc. Natl. Acad. Sci. USA, 79:5166-5170

(1982) on expression of the human interferon B1 gene in cultured mouse and rabbit cells, and
Gorman ef al., Proc. Natl. Acad. Sci. USA, 79:6777-6781 (1982) on expression of bacterial CAT
sequences in CV-1 monkey kidney cells, chicken embryo fibroblasts, Chinese hamster ovary cells, -

HeLa cells, and mouse NIH-3T3 cells using the Rous sarcoma virus long terminal 'repeat as a
promoter. - '
Preferably the transcriptional regulatory region in higher eukaryotes comprises an enhancer
sequence. Enhancers are relatively orientation and position independent having been found 5'
(Lainins ef al., Proc. Natl. ‘Acad. Sci. USA, 78:993 (1981)) and 3' (Lusky et al., Mol. Cell Bio.
3:1108 (1983)) to the transcription unit, within an intron (Banerji ef al., Cell, 33:729 (1983)) as
well as within thé coding sequence itself (Osborne et al., Mol. Cell Bio., 4:1293 (1984)). Many

enhancer sequences are NOw known from mammalian geneé “(globin, elastase, albumin, o-
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fetoprotein and insulin). Typically, however, one will use an enhancer from a eukaryoﬁc cell
virus. Examples include the SV40 enhancer on the late side of the replication origin (bp 100-270),
the cytomegalovirus early promoter enhancer (CMV), the polyoma enhancer on the late side of the
reﬁlication origin, and adenovirus enhancers. See also Yaniv, Nature, 297:17-18 (1982) on
enhancing elements for activation of eukaryotic promoters. The enhancer may be spliced into the
vector at a position 5' or 3' to the product gene, but is preferably located at a site 5' from the
promoter. ' .

_The DNA construct of the present invention has a transcriptional initiation site following
the transcriptional regulatory region and a transcriptional termination region following the product
gene (see, e.g., Figure 1). These sequences are provided in the DNA construct using techniques
which are well known in the art. ‘

The DNA construct normally forms part of an expression vector which may have othér
components such as an origin of reglicatibn (i.e., a nucleic acid sequence that eﬁables the vector to
replicate in one or more selected host cells) and, if desired, one or more additional seleétable
gene(s). Construction of suitable vectors containing the desired coding and control sequenqes'
employs standard ligation techniques. Tsolated plasmids or DNA fragments are cleaved, tailored,
and religated in the form desired to generate the plasmids requiréd

Generally, in cloning vectors the origin of replication is one that enables the vector to
replicate independently of the host chromosomal DNA, and includes origins of replication or
autonomously replicating sequences. Such sequences are well known. The 2p p_lésmid origin of
replication is suitable for yeast, and various vifal origins (SV40, polyoma, adenovirus, VSV or
BPV) are useful for cloning vectors in mammalian cells. Generally, the origin of ieplibation
component is not needed for mammalian expression vectors (the SV40 origin may typically be
used only because it contains the early promoter).

Most expression vectors are "shuttle" vectors, Le., they are capable of replication in at least
one class of organisms but can be transfected into another organism for expression. For example, a
vector is cloned in E. coli and then the same vector 1s transfected into yeast or mammalian cells for
expression even though it is not capable of replicating independenﬂy of the host cell chromosome.

For analysis to confirm correct sequences in plasmids constructed, plasmids from the
transformants are prepared, analyzed by restriction, and/or sequenced by the method of Messing et

22



WO 2004/046340 : PCT/ U52003/037047

al., Nucleic Acids Res., 9:309 (1981) or by the method of Maxam et al., Methods in Enzymology,
65:499 (1980).

The expression vector having the DNA construct prepared as discussed above is

transformed into a eukaryotic host cell. Suitable host cells for cloning or expressing the vectors -
herein are yeast or higher eukaryote cells. '

| Fukaryotic microbes such as filamentous fungi or yeasf are suitable. hosts for vectors
containing the product gene. Saccharomyces cerevisiae, or common baker's yeast, is the most
commonly used among lower eukaryotic host microorganisms. However, a mumber of other

genera, species, and strains are commonly available and useful herein, such as S. pombe (Beach

and Nurse, Nature, 290:140 (1981)), Kluyveromyces lactis (Louvencourt et al., J. Bacteriol., 737
(1983)), kyarrowia (EP 402,226), Pichia pastoris (EP 183,070), Trichoderma reesia (EP 244,234),
Neurospora crassa (Case et al., Proc. Natl. Acad. Sci. USA, 76:5259-5263 (1979)), and
Aspergillus hosts such as A. nidulans (Ballance et al., Biochem. Biophys. Res. Commun., 112:284-
289 (1983); Tilburn et al., Gene, 26:205-221 (1983); Yelton et al., Proc. Natl. Acad. Sci. USA,
81:1470-1474 (1984)) and 4. niger (Kelly and Hynes, EMBO J ., 4:475-479 (1985)). -

Sﬁitable host cells for the expression of the product gene are derived from multicellular

organisms. Such host cells are capable of complex processing and glycosylation activities. In
principle, any higher eukaryotic cell culture is workable, whether from vertebrate or invertebrate
culture. Examples of invertebrate cells include plant and insect cells. Numerous baculoviral strains
and variants and corresponding permissive insect host cells from hosts such as Spodoptera
ﬁugiperda (caterpillar), Aedes aegypti ‘(mc‘)squito), Aedes albopictus (mosquito), Drosphila .
melanogaster (fruitfly), and Bombyx mori host cells have been identified. See, e.g., Luckow ef al.,
Bio/Technology, 6:47-55 (1988); Miller et al., in Genetic Engineering, Setlow, J.K. ef al., eds.,
Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and Maeda et al., Nature, 315:592-594 (1985). A
variety of such viral strains are publicly available, e.g., the L-1 variant of Autographa californica

" NPV and the Bm-5 strain of Bombyx mori NPV, and such viruses may be used as the virus herein

according to the present invention, particularly for transfection of Spodoptera frugiperda cells.
Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, and tobacco can be

utilized as hosts. Typically, plant cells are transfected by incubation with éertain strains of the

bacterium Agrobacterium tymefaciens, which has been previously manipulated to contain the

‘product gene. During incubation of the plant cell culture with 4. fumefaciens, the product gene is
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transferred to the plant cell host such that it is transfected, and will, under appropriate conditions,
express the product gene. In addition, regulatory and signal sequences compatible with plant cells
ére available, such as the nopaline synthase promoter and polyadenylation signal sequences.
Depicker et al., J. Mol. Appl. Gen., 1:561 (1982). In addition, DNA segmenfs isolated from the
upstream region of the T-DNA 780 géne are capable of activating or increasing transcription lével_s’
| of plant-expressible genes in recombinant DNA-containing plant tissue. EP 321,196 published 21
June 1989. | ) ’
However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells
in culture (tissue culture) has become a routine procedure in recent years (Tissue Cultﬁre,
Academic Press, Kruse and Patterson, editors (1973)). Exarriples of useful mammalian host cell
lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651); human |
~ embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et al.,
J. Gen Virol., 36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL 10)§ Chinese hamster
ovary. cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77:4216 (1980));
dp12.CHO cells (EP 307,247 published 15 March 1989); mouse sertoli cells (TM4, Mather, Biol.
Reprod., 23:243-251 (1980));‘ monkey kidney cells (CV1 ATCC CCL 70); African green monkey
kidney cells (VERO-76, ATCC CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL
2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cellS (BRL, 3A, ATCC CRL
1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse
mammary tumor (MMT 060562, ATCC CCL51); TRI cells (Mather ef al., Annals N.Y. Acad. Sci.,

- 383:44-68 (1982)); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2).

Host cells are transformed with the above-described expréssion or cloning vectors of this |

invention and cultured in conventional nutrient medla modified as appropriate for mducmg
promoters, selecting transformants, or amphfymg the genes encoding the desired sequences
Infection with Agrobacterium tumefaciens is used for transformation of certain plant cells,
as described by Shaw et al., Gene, 23:315 (1983) and WO 89/05859 published 29 June 1989. For
mammalian cells without such cell walls, the calcium phosphate precipitation method of Graham
and van der Eb, Virology, 52:456-457 (1978) may -be used. General.a’spects of mammalian celll
host system transformauons have been described by Axel in U.S. 4,399, 216 issued 16 August
1983. Transformations into yeast are typically carried out according to the method of Van
Solingen ef al., J. Bact., 130:946 (1 977) and Hsiao ef al., Proc. Natl. Acad. Sci. (USA), 76:3829
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(1979). However, other methods for introducing DNA into cells such as by nuclear injection or by
protoplast fusion may also be used.

In preferred embodiments the DNA is introduced into the host cells using electroporation,
lipofection or polyfection techniques. In a particularly preferred embodiment, the transfection is

performed in a spinner vessel as illustrated by Example 3 or in some other form of suspension

- culture. Transfection performed in a spmner vessel is also referred to as “spmner transfection”.

* Culturing the cells in suspension allows them to reach a cell densnty of at least about 5x105/ml and

more preferrably at least about 1.5%x10%ml prior to transfection. See Andreason, J. Tiss. Cult.
Meth., . 15:56-62 (1993), for a review of electroporation _techniques useful for practicing the
claimed invention. It was discovered that these techniques for-introducing the DNA construct into
the host cells are preferable over calcium phoéphaie precipitation techniques insofar as the latter
could cause the DNA to break up and form concatemers.

The mammalian host cells used to express the product gene herein may be cultured ina
variety of media as discussed in the definitions section above. The media is formulated to provide
selective nutrient conditions or a selection agent to select transformed host cells which have taken
up the DNA construct (either as an intra- or extra-chromosomal element). To achieve selection of
the transformed eukaryotic cells, the host cells may be growh in cell cultufe plates and individual
colonies expressmg one or both of the selectable genes (and thus the product gene) can be isolated
and grown in growth medium under defined conditions. The host cells are then analyzed for
transcription and/or transformation as discussed below. The culture condmons such as

temperature, pH, and the like, are those previously used with the host cell selected for expression,

" and will be apparent to the ordinarily skllled artisan.

Gene amplification and/or expression may be measured in a sample directly, for example _
by conventional Southern blotting, Northern blotting to quantitate the transcription of mRNA -
(Thomas, Proc. Natl. Acad. Sci. USA, 77:5201-5205 (1980)), dot blotting (DNA or mRNA
analysis), or in situ hybridization, using an appropriately labeled probe, based on the sequences

provided herein. Various labels may be employed, most commonly radioisotopes, particularly 32p,
However, other techniques may also be employed, such as using biotin-modified nucleotides for
introduction into a polynucleotlde The biotin then serves as the site for bmdmg to avidin or
antibodies, which may be labeled with a wide varlety of labels, such as radionuclides, fluorescence,

enzymes, or the like. Altemahvely, antibodies may be employed that can recognize specific
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duplexes, including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or
DNA-protein duplexes. The antibodies in turn may be labeled and the assay may be carried out

. where the duplex is bound to a surface, so that upon the formation of duplex on the surface, the

presence of antibody bound to the duplex can be detected.

Gene expression, alternatively, may be measured by unmunologrcal methods, such as '

.immunohistochemical staining of tissue sections and assay of cell culture or body fluids, to

quantitate directly the expression of gene product. With immunohistochemical staining
techniqueé, acell sample is prepared, typically by dehydration and fixation, followed by reaction
with labeled antibodies specific for the gene product coupled, where the labels are usually visually
detectable, such as enzymatic labels, fluorescent labels, luminescent labels, and the like. A
particularly sensitive staining techrﬁque suitable for use in the present invention is described by
Hsu et al., Am. J. Clin. Path., 75:734-738 (1980)

In the preferred embodrment protein expressmn is measured using ELISA as described in

Example 1 herein.

The product of interest preferably is recovered from the culture medium as a secreted
polypepude although it also may be recovered from host cell lysates when directly expressed
without a secretory signal. When the product gene is expressed in a recombinant cell other than
one of human origin, the product of interest is completely free of proteins or polypeptides of
human origin. However, it is necessary to purify the product of interest from recombinant cell
proteins or polypeptides to obtain preparations that .are substantially homogeneous as to the
product of interest. As a first step,- the culture ‘medium or lysate is centrifuged to remove
particulate cell debris. The product of interest thereafter is purified from contammant soluble
proteins and polypeptides, for example, by fractionation on immunoaffinity or 1on-exchange_
columns; ethanol precipitation; reverse pbase HPLC; chromatography on silica or on a cation
exchange resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium sulfate precipitation;
gel electrophoresis using, for example, Sephadex G-75; chromatography on plasminogen columns
to bind the product of interest and protein A Sepharose columns to remove contaminants éuch as
IgG. | ‘

The following examples are offered by way of illustration only and are not intended to limit
the invention in any manner. All patent and literature references cited herein are expressly'

incorporated by reference.

26 .



e

WO 2004/046340 PCT/US2003/037047

EXAMPLE 1

2C4 production using the fusion construct expression vector

Vectors related to those described by Lucas et al (Lucas BK, Giere LM, DeMarco RA,
Shen A, Chisholm V and Crowley C. High-level production of recombinant 'prot.eins in CHO cells
using a dicistronic DHFR intron expression vector. (1996) Nucleic Acids Res. 24(9), 1774-1779.),
which contain an intron between the SV40 promoter and enhancer and the cDNA that encodes the
polypeptide of interest,. were constructed. The intron is boardered on its 3’ ‘and 5’ ends,
respectively, by o splice donor site derived from Acytomegalovirus immediate early gene (CMVIE),
and a splice acceptor site from an IgG heavy chain variable region (Vi) gene (Ea;con et al.,
Biochem., 25:8343 (1986)). The splice sites selected provide slightly inefficient splicing such that
only about 90% of the transcripts produced are intron free. Previous studies have demonstrated that
when a selectable marker such as DHFR is integrated within this intron,as in the plasmid pSV. ID
marker gene transcription proceeds from any unspliced transcripts, providing a highly efficient
means of maintaining linkage between the expression of the marker gene and the cDNA of interest
as well as enhanced product expression relative to expression of the marker gene. ’

Vectors containing a murine puromycin/DHFR fusion sequence in the intron following the
SV40 promoter elements were constructed by linearizing a pSV.IPUR plasmid, whichlcontained‘
the puromycin resistance gene in an intron following the SV40 promoter/enhancer (pSV.IPUR,
Figures 1 and 2), with Hpa [ immediately following the end of the puromycin ORF. A 564 bp -
PCR fragment containing the entire coding region for the murine DHFR gene was subsequently
ligated into this linearized vector 3’ of the puromycin resistance gene. The stop codon TAG
between the puromycin resistance gene aﬁd the DHFR gene was deleted by site-directed
mutagenesis resulting in a pSV.I plasmid containing a Puro/DHFR fusion gene within the intron of
the expression cassette (pSV.IPD, Figures 1 and 4).

The ¢DNA of the Heavy chain (HC) and light cham (LC) sequences of an anti-HER2 Neu
antibody, 2C4, were inserted into pSV.IPD as shown in Figure 6. The sequence of the resulting
pSV.IPD.2C4 vector is shown in Figure 7. Data collected using the pSV.IPD.2C4 vector are

shown in Table 2.

27



WO 2004/046340 PCT/US2003/037047

Additionally, a vector containing only a murine DHFR ‘sequence within the intron
(pSV.ID) was prepared. The DNA sequence for the pSV.ID vector is shown in Figure 3. The
preparation of such vectors is disclosed in U:S. Patent No. 5,561,053, which is herein incorporated
by reference. Into that vector, the HC and LC sequences of monoclonal antibodies to VEGF were
inserted. The sequence of the resulting pSV.IPD.VEGF vector is shown in Figure 5.

Plasmid DNA's that contained either the Puro/DHFR fusion sequences in the intron or

“murine DHFR alone preceding cDNA sequences for HC and LC of 2C4 and anﬁ-VEGF,‘

fespectively were introduced into CHO DHFR minus cells’ by lipofection. Briefly, for

" transfection, 4 million CHO DUX-B11 (DHFR minus) were seeded in 10 cm plates the day

before transfection. On the day of -transfection, 4 ug DNA was mixed with 300 ul of serum free
medium and 25 ul of polyfect from Qiagen. The mixture was incubated at room temperature for
5 to 10 minutes and added to the cells. Cells were fed with fresh glycine, hypoxanthine and
thymidine-free (GHT-free) medium and twenty-four hours later, were trypsinzed and selected in
fresh GHT- free medium with 0 — 5 nM of methotrexate (MTX) in order to select for stable

 DHFR+ clones. Approximately 300 — 400 individual clones were selected in this first round of

- screening for measurement of protein expression levels. Clones from each vector which expressed

the highest levels of antibody were then re-exposed to higher levels of methotrexate to affect a
second round of gene amplification and selection. The screening process was repeated on all
available clones, the highest of which were exposed to a third round of amplification. The
methotrexate concentrations used during amplification using the pSV.ID-derived vector was 50 to
1000 nM in the 2™ round and 200 to 1000 nM in the 3 round. These concentrations are typically
required to achieve growth-limiting toxicity, which is required to achieve sufficient selective

pressure for gene amplification. Concentrations required to reach this same degree’ of toxicity

_using the pSV.IPD-derived vectors were remarkably lower.

.The level of antibody expression was determined by seeding cells in 1 ml (;f serum-free
F12:DMEM-based media supplemented with protein hydrolysate and amino acids in 24 well
dishes at 3 X 1076 cells/ml or in 100 ul of simila_r media in individuél wells of a 96 well plate.
Growth media was collected after 3-4 days and titers were assayed by an ELISA dirécted towards
the intact 1gG molecule. In experhhents where cells were not seeded at equal cell densities, a
fluorescent measure of viable cell number was performed on each well in order to normalize

expression data. An Intact IgG ELISA was performed on microtiter plates which used a capture
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antisera directed to framework Fab residues common in both antibodies. Media samples were
added to the wells followed by washing and a horseradish peroxidase labeled second antibody
directed towards common framework Fc residues was used for detection. ‘

Table 2 presents expression level distributions of clones isolated during each round of
screening of anti VEGF clones, which resulted from transfection with the plasmid containing only
the DHFR sequence in the intron (pSV.ID.aVEGF), and 2C4 clones that were cfeaied using the
Puro/DHFR fusion sequence in the same intron (pSV.IPD.2C4). The distribution of expression
levels seen in the case of anti VEGF is typical of the performance of the vector containing only the -
murine DHFR gene in the intron (pSV.ID). All isolates identified in the first and second rounds of
screening have relatively low eﬁ(pression levels. In the intial selection round, no clones with

expression above 5 were isolated. At least three rounds of amplification are required to identify

. clones capable of specific productivity greater than 50. The 2C4 clones were screened after the

first exposure to methotrexate (0-2.5 nM) and the most productive of these were exposed to a
second round of amplification in 10-25 nM MTX. Cells surviving this amplification were pooled
and exposed to 3" round amplification prior to selection for further screening. In contrast to the
pSV.ID vetbr, using the pSV.IPD vector, clones with an expression level of up to 25 were
identified even in the first round of screening. Clones with an expression level greater than 25

represented 95% of the population after their third round of amplification and screening.

The data from Example 1 indicates that use of the Puro/DHFR fusion protein as the
selectable marker allows for faster, more efficient isolation of highly productive CHO clones using
signiﬁcéntly lower levels of methotrexate. The data suggests that exposure to low concentrations

and stepwise increments in methotrexate allow for the efficient initial selection of highly

" expressing clones and subsequent gene amplification. Exposure to excessively high concentrations =

of methotrexate or large incremental increases in exposure often does not yield increases in gene
expression since cells rapidly acquire methotrexate resistance through non-gene amplification
mechanisms. Importantly, the data also shows that the Puro/DHFR fusion protein provides an
unexpectedly impaired activity of the DHFR gene product or an enhanced sensitivity to
methotrexate, which fesults in a highly stﬁn;gent initial selection step, and allows efficient gene
amplification at concentrations of methotrexate not frequently associated with the acquisition of
drug resistance through alfernalive mechanisms. The ability to select cells which have‘incorporated

the plasmid either in the presence of puromycin or methotrexate, prior to initiating éxposure to
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methotrexate also provides a means of transferring this efficient system to DHFR (positive) host

cells.

For Example 1 the structure of the expressed antibody has been extensively characterized.
The protefns generated from the pSV IPD are indistinguishable from the antibody produced by the-
pSV.ID vector, with no apparent increase of free heavy or light chain expressed by the pool. '

TABLE 2. PERCENTAGES OF pSV.IPD.2C4 CLONES ISOLATED AT VARIOUS
EXPRESSION LEVELS AFTER MTX EXPOSURE!

Expressmn pSV.ID.aVEGF | pSV.IPD.2C4 |pSV.ID.aVEGF | pSV.IPD.2C4
Level® 1st Rd 1st Rd 3rd Rd | 3rd Rd

<1 71 16 0 0
1-5 29 |- 67 0 0
510 0 14 2 3
10-25 0 ' 3 15 4
25-50 0 0 35 21|
50-100 0 0 46 61
100-150 0 0 2 3

MTX concentration for Control SD vector = 0-10 nM 1% round, 50 —1000 nM 2™ round, 200-
1000 nM, 3" round. SD- Puro/DHFR vector = 2.5 nM 1% round, 25 nM 2™ round, 100 nM 3™
round.

- 2 Expression levels are in mg/ml or (mg/ml)/Fluorescent Unit

This example demonstrate the general applicability of the Puro/DHFR fusion sequence for
selection of highly productive recombinant cell lines following minimal exposure to MTX.

EXAMPLE 2

Recombmant protein production usin _ga pSV.1 construct containing DHFR

and a fusnon gene other than Puro

Constructs can also be produced that contain a fusion sequence of an alternative
selectable marker and DHFR within an intron region as described in Example. 1. For instance

. : 30
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starting with the vector pSVID, the coding sequences for the neomycin resistance gene (Neo),
hygromycin resistance gene (Hygro), glutamine synthase (GS), thymidine kinase (TK) or zeocin
(Zeo) could be inserted in frame with the start site of the murine DHFR sequence contained
within the intron. The stop codon of this inserted gene would then be removed using site
dirtected mutagenesis according to example 1. Depending upon the phenotype of the host cell
selected, cells incorporating the plasmid could then be selected using either GHT-free or MTX
containing media as described in examples 1-3 or using an appropriate quantity of ﬂle alternative
selective agent. Gene expression by the resulting clones could then be amplified in the presence

of increased levels of methotrexate.

EXAMPLE 3

Dire_ct Selection with plasmids SV.IPD.HP and CMV.IPD.HP after spinner transfection

DP12 CHO cells were grown in growth medium with 5% FBS (fetal bovine serum) and
1X GHT (glycine, hypoxanthine and thymidine). The process typically took about 4 days. On
day 1, célls were seeded at 4X10"5/ml in 400 ml growth medium in a 500 ml spinner vessel and
grown for 2 days at 37 °C. Onday 3, the exponentially grown cells were seeded at 1.5X10"6
cells/nﬂ in a 250 ml spinner vessel containing 200 ml of growth medium plus 5% FBS and 1X
GHT. The cells were grown for 1 to 2 hours at 37 °C before transfection. Duﬁng that time,
serum-free growth medium and 1X GHT was warmed to 37 °C. 400 pg plasmid construct DNA
and 1 ml of Llpofectamme 2000° (Qiagen) were separately diluted into 25 ml of warm serum-

“free medium in 50 ml Falcon tubes. The solutlons in the tubes were combined and incubated at

room temperature for 30 minutes. The cells were then transfected with plasmid constructs
pSV.IPD.HP and pCMV.IPD.HP, which constructs are illustrated in Figures 13 and 14,
respectively. At the end of incubation, the cells were transfected by adding all 50 ml of the

. mixture of diluted plasmid construct and Lipofectamine 2000% to the 250 ml spinner vessel

containing cells in serum-free medium, and the cells continued to grow at 37 OC for about 24
hours. On day 4, 250 ml of transfécted cells were centrifuged at 1000 rpm for 5 minutes to
collect the pellet. The transfection efficiency was mdnitored by transfecting cells with a GFP
plasrxﬁd followed by FACS analysis 24 hours after trahsfection. The transfection efficiency with
this protocol was typically approximately 55 to 70 % in CHO cells as shown in Figure 8. .
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After the transfection, cells were centrifuged to collect the pellet. The pellet was then
resuspended in growth medium containing methotrexate MTX) raﬁging from 10 to 100 nM for
either SV40 or CMV based constructs. Approximately 100 clones survived the direct selection.

Cell growth medium was changed every 3 to 4 days. At approximately 2 weeks after
transfection, individual clones were picked and grown in 96-well plates in growth medium’ '
containing MTX. Heterologous polypeptide expression levels were evaluated by ELISA.
Figures 10-1, 10-2, and 11 show the results from 25 nM and 50 nM MTX selection. Figure 9
shows ﬁeterologous polypeptide expression levels of clones from a traditional 10 nsM MTX'

selection where the cells were not transfected in a spinner flask.

It took about 1 week for cells to grow confluent in a 96-well plate. When they were
confluent, the growth medium was removed and commercially available enriched cell culture :
medium (Wthh includes 1x GHT but no MTX) was added into each well. On the day after
addmg the commercially available enriched cell culture medium, the plate was incubated at 33
oc for 5-6 days before performing an ELISA assay to quantitate the amount of humanized
monoclonal antibody produced by the cells. ELISA was typically performed with serial dilutions
of the commercially available enriched cell culture medium. Results from a humanized
monoclonal antibody production were shown in Figures 9, 10-1, 10-2 and 11.

‘The four clones producing the greatest amount over 100 pg/ml of intact IgG based on direct
selection at 25 nM MTX using a CMV-based construct were scaled up from a 96-well plate to a
6-well plate and then to a 10 cm plate. Cells were seeded at 3X10°5/ml in 200 ml volume ina
250 ml spinner vessel in serum-free growth medium with 2 pg/ml human insulin and 1X Trace
Elements (TE). Cells were initially passaged at elther two- or three-day intervals with medium
exchange. Then they were passaged at either three- or four-day intervals for about 6 weeks
before bioreactor evaluatlon At each passage time, cell viability and count number were
monitored. To determine the cell growth after serum-free adaptation, a spinner vessel growth
experiment was performed. Cells were seeded at 3X1075 cells/ml into 400 mil of growth
medium with 2 pg/ml recombinant human insulin and 1X TE in a 500 ml spinner vessel on day
1. On each day, packed cell volume (PCV) was monitored until day 5. PCVs reached between
0.4 % to 0.6% by day 4. Two serum- -free adapted clones from 25 nM MTX selection with CMV

based construct were evaluated in bioreactors. Two liter bloreactors with commercxally available
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enriched cell culture medium were run for a total of 14 days. The data from the titer evaluation

is shown in Figure 12.

An ELISA assay of clones surviving the direct selection shows that the best clones

coming out of the method described in this example produce as much product of interest as

highly amplified clones from a traditional method. See Figure 16. Evaluations of 2 clones from

the direct selection shows that those clones produce about 1g/L of a product of interest in a

bioreactor process. Since those clones were generated from one step of a direct selection

- immediately after transfection, it only takes ab£>ut 5 to'6 weeks to generate a stable cell line
~ producing 1g/L of a product of interest in a bioreactor leading to significant timeline reduction,

about 3 months, which is critical for efficiency of product development.

The foregoing written specification is considéred to be sufficient to enable one skilled in
the art to practice the invention. The present invention is not to be limited in scof)e by the
examples presented herein, since the exemplified embodiments are intended as illustrations of
certain aspects of the invention and any functionally equivalent embodiments are within the
scope of this invention. The examples presented herein are not intended as limiting thelsctn)pe of
the claims to the specific illustrations. Indeed, various modifications of the invention, in addition

to those shown and described herein and which fall within the scope of the appended claims,

_ may become apparent to those skilled in the art from the foregoing description.
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CLAIMS
What is claimed is:

1. A method of producing a host cell capable of producing a product of interest, comprising:

transfecting a host cell culture with a DNA construct comprising a transcriptional '

regulatofy region, a fused selectable gene sequence and a gene encoding a product of interest;
directly culturing the transfected host cells in a selective medium;

allowing the host cells to grow in the selective medium for a sufficient time to allow

amplification of gene encoding the product of interest to occur; and

selecting a host cell clone that is capable of pfoducing at least about 250mg/1 of the

product of interest.

2. A method of claim 1 wherein the selective medium contains at least about 25nM

methotrexate.

3. A method of claim 1 wherein the selective medium contains at least about 50nM

methotrexate.

4. A method of claim 1 wherein the host cell is a CHO cell.

5. A method of claim 1 wherein the product of interest is a protein selected from the group

~ consisting of an antibody, enzyme, hormone, lipoprotein, clotting factor, anti-clotting factor,

cytokine, viral antigen, chimeric protein, transport protein, regulatory protein, homing receptor,

and addressin; or a fragment of said protein.

6. A method of claim 1 wherein said product of interest is a humanized antibody. -
7. A host cell produced according to the method of claim 1.
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8. A method of producing a prbduct of interest, comprising culturing a host cell produced
according to the method of claim 1 under conditions suitable to cause expression of the product
of interest in an amount at least about 250mg/1.

9. A method of claim 1 wherein the DNA construct comprises, in order 5" to 3’

a) a transcriptional regulatory region capable of regulating transcription of both the

selectable gene and the product gene;

b) a transcriptional initiation site;

» c) a fused selectable gene sequence positioned within an intron defined by a 5’ splice
donor site comprising a splice donor sequence such that the efficiency of splicing messenger
RNA having said splice donor sequence is between about 80% and 99% as determined by PCR,
and a 3 splice acceptor cite; | ' '

d) a product gene encoding a product of interest; and

e) a transcriptional termination site.

'10.  The method of claim 9 further comprising recovering the product of interest from the

culture.

11. A method of claim 9 wherein the transcriptional regulatory region capable' of ;eguiatingl
transcription.of both the selectable gene and the product gene is driven by a SV40 promoter. ‘

12." - A method of claim 9 wherein the transcriptional regulatory region capable of régulating
transcription of both the selectable gene and the product gene is driven by a CMV promoter.
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13. Acell culture compositioh comprising a host cell according to claim 9 and at least about
250mg/1 of the product of interest. | A

14. A method of producing a host cell capable of producing at least about 250mg/ml of a
product of interest comprising transfecting a host cell with a DNA construct comprising in order

from 5’ to 3°;

a) a transcriptional regulatory region capable of regulating transcription of both the

selectablé gene and the product gene;

b) a transcriptional initiation site;

c) a fused selectable gene sequence positioned within an intron defined by a 5’ splice
donor site comprising a splice donor sequence such that the efficiency of splicing messenger
RNA having said splice donor sequence is between about 80% and 99% as determined by PCR,
and a 3 splice acceptor cite; '

d)a produét gene encoding a product of interest; and

€) a transcriptional termination site;

wherein the transfection is petformed in suspension culture.

15. A method of claim 14, wherein the DNA construct is introduced into the host cells by
lipofection.

16. A method of claim 14 wherein said transfection is performed in a' spinner vessel.

'17. The method of claim 14 wherein the suspension culture has cell density of at least about

5x10%/ml aifhe time of transfection.
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18.  The method of claim 14 wherein the suspension culture has a cell density of at least about

1.5x10%/ml at the time of transfection

19. A method of claim 15 wherein the produét- of interest is selected from the group
consisting of an antibody, enzyme, hormone, lipoprotein, clotting factor, anti-clotting factor,
cytokine, viral antigen, chimeric protein, transport protein, regulatory protein, homing receptor,
and addressin and a fragment of any of said product of interest.

20. A method 6f rapidly sélecting a host cell producing a product of interest, comprising:

transfectmg a host cell culture with a DNA construct comprising a transcriptional
regulatory region, a ﬁ.lscd selectable gene sequence and a gene encodmg a product of mterest

' direcﬂy culturing the transfected host cells in a selective medium; and

‘allowing the host cells to grow in the selective medium for a sufficient time to allow

amplification of gene encoding the .product of interest to occur.
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Flgure 8. FACS analysis of transnently transfected CHO cells with a
GFP plasmid in 250 ml spinner transfection. - '
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Figure 9. Expression level of clones from traditional 10 nM MTX

selection.
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Figure 10-2

_Figures 10.1 and 10.2. Expression level of clones from 25 and 50 nM
MTX direct selections of SV40-based constructs derived from

spinner transfection, respectively.
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- selection of CMV construct derived frdm spinner transfection.
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Figure 12. Titer Evaluation in Miniferm.
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Product of Interest

Figure 15. pCMV.IPD.HP



WO 2004/046340 . PCT/US2003/037047
43/43

'i'imeline and Titer Comparison

Traditional Approach - Direct Selection Approach
SV40.PD.Abtibody SV40.PD.Antibody CMV.PD.Antibody -
| 10 nM

50 nM N 25/50 nM
100/200 nM
\ 4
200/300 nM : 100 nM '
200/300 nM 25 nM
600/1000 nM , 100 nM

6 Months '3 Months

Figure 16. Timeline and Titer Comparison.
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SEQUENCE LISTING

PRODUCTION CELL LINES
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Us 6
2002

<150>
<151>

<160> 4
<170>
<210> 1

<211> 5147
<212> DNA
<213> Arti

<2205
<223>

<400> 1

ttcgagctcg
cagttagégt
ctcaéttagt
caaagcatgc
cccctaactc
éatgcagagg
tttggaggcce

cgcggattcee

:gaccgagtac

cacectegece
ccacatcgag
cggcaaggtg
cgtcgaageg
ccggcetggec

cgcegtggtte

8/00101

0/426,095
-11-14

ficial

cccgacattg
gtggaaagtc
éagcaaccég
atctcaatta
cgcccagttc
ccgaggeege
taggcttttg
écgtgccaag
aagcccacég
gccgcgftcg
cgggtcaccg
tgggtcgegg
ggggcggtgt
gcgcagcaac

ctggccaccg

PatentIn version 3.1

plasmid pSV.IPUR circular

attattgact
cccaggctcc
gtgtggaaag
gtcagcaacc
cgcccattcet
ctecggectcet
caaaaagcta
agtgacgtaa
tgcgectcge
ccgactacce
agctgcaaga
acgacggcgc
tcgccgagat
agatggaagg

teggegtcete

ds-DNA

agagtcgatc
ccagcaggca
tceccecagget
atagtcccge
ccgccecatg
gagctattcc
gcttatccég
gtaécgccta
cacccgcgac.
cgccacgcgce
actcttcctc
cgcggtggeg
cggcccécgc
cctecctggeg

gtccgaccac

gacagctgtg
gaagtatgca .
ccccagcagg
ccctaactcce
gctgactaat
agaagtagtg
ccgggaacgg
tagégcgact
gacgtcccce
cacaccgtcg
acgcgcegteg
gtctggacca
atggccgagt
ccgcaccggc

cagggcaagyg

PCT/US2003/037047

gaatgtgtgt
aagcatgcat
cagaagtatg
gcccatecég
tttttttatt
aggaggcettt
tgcattggaa
agtccaccaf
gggccgtacg
acccggaccg
ggctcg;cat
cgceggagag

tgagcggttc

ccaaggagce

gtctgggcag
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cgccgtegtg
gacctccgcg
cgtcgagtgé
taéctgctcc
agaﬁcccctt
acatacgatt
cactcccagg
gtcgacctgce
ggttacaaat
tctégttgtg

ttaattegge

cttctgaggé

aggctcccca

-tggaaagtcc

agcaaccata
ccattctccg
ggcctctgag
aaagctgtté
agcttggcac
cttaatcgcec
accgatcgcec
tttctécfta
cgccctgtag
cacttgccag
tcgccggett

ctttacggca

cgccctgata

tcttgttcceca

ctccecggag
ccccgcaace
ccéaaggacc
cctcctaaag
ggcttcgtta
taggtgacac
tccaactgceca

agaagcttcg

aaagcaatag

gtttgtccaa
gcagcaccat
ggaaagaacc
gcaggcagaa
ccaggctccc
gtcccgeccce
cccecatggcet
ctattccaga
cctcgagegg
tggcegtegt
ttgc;gcaca
cttcccaaca
cgcatctgtg
cggcgcatta
cgccctégcg
tccecgtceaa
cctcggcécc
gacggttttt

aactggaaca

tggaggcgge
tceecttceta
gcgegacctg
ctatgéattt
gaacgcagct
taéagataac
cctcggttcet
atgggcgéca
catcacaaat
actcatcaat

ggcctgaaat

‘agctgtggaa

gtatgcaaag
cagcaggcag

taactccgcce

gactaatttt

agtagtgagg
ccgcttaatt

tttacaacgt

tcececectte

gttgcgtagce
cggtatttca
agcgcggcgg
cccgcectectt
gctctaaatc
aaaaaacttg
cgcectttga

acactcaacc

cgagcgcgcec
cgagcggctce
gtgcatgacc
ftaﬁaagacc
acaattaata
atccactttg
atcgattgaa
tggcccaéct
ttcacaaata
gtatcttatc
aacétctgaa
tgtgtgtcag
catgcatctc
aagtatgcaa
catcccgcecece
ttttatttat
aggetttttt
aaggcgcgcc
cgtgactggyg
gccagcﬁégc
ctgaatggcg
éaccgcatac
gtgtggtagt
tegetttett
gggggctece
afttgggtga
cgtﬁggagtc

ctatctcggg

ggggtgcecceg
ggcttcaccg
cgcaagcccg
atgggacttt
cataacctta
cctttctcte
ﬁtécccgggg
tgtttattge
aagcattttt
atgtctggat
agaggaactt
ttagggtgtg
aattagtcag
agcatgcatc
ctaactccgc
géagéggccg
ggaggcctag
atttaaatcc
aaaaccctgg
gtaatagcga
aafggcgcct
gtcaaagcaa
tacgcgcage
cccttccttt
tttagggttc
tggttcacgt
cacgttcttt

ctattctttt

PCT/US2003/037047
ccttcctgga 960
tcaccgccga 1020
gtgcctgagt 1080
tgctggettt 1140
tgtatcatac 1200
cacaggtgtc 1260
atcctcfaga 11320
agcttataat 1380
ttcactgcat 1440
cgatcgggaa 1500
ggttaggtac 1566
éaaagtcccc 1620
caaécaggtg 1680
£caattagtc 1740
ccagttccgce 1800
aggcégcctc . 1860
gcttttgcaa 1920
tgcaggtaac 1980
cgttacccéa 2040
agaggéccgc 2100
gatgcggtat 2160
ccatagtacg 2220
gtgaccgcta 2280
ctcgccacgt 2340
cgatttagtg 2400
agtgggccat 2460
aatagtggac 2520
gatttataag 2580
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ggattttgcce
cgaattttaa
ctgatgcege
ccgacacccg
ttacagacaa
accgaaacgc
ataggttéat
tgtgcgegga
gagacaataa
aéatttccgt

cccagaaacyg

- catcgaactg

tccaatgatg
cgggcaagag
accagtcaca
cataaccatg

ggagctaacc

: accggagcfg

ggcaacaacg
attaatagac
ggctggetgg
tgcagcactg
tcaggcaact

gcattggtaa

tttttaattt

ttéacgtgag

‘ttgagatcct

agcggtggtt

- cagcagagcg

gatttcggcce
caaaatatta
atagttaagc
ccaacacccg
gctgtgaceg
gcgaggcagt
gtcatgataa
acccctattt
ccctgataaa
gtggccctta
ctgg£gaaag
gatctcaaca
agcactttta
caacteggtce
gaaaagcatc
agtgataaéa
gctttttige
aatgaagcca
ttgcgcaaac
tggatggagg
tttattgéfg
gggcéagatg
étggafgaac
ctgtcagacc
aaaaggagct
ttttcgtﬁcc-
ttttttetge

tgtttgcegg

cagataccaa

tattggttaa
acgtttacaa
caactccgcet
ctgacgegcece
tctccgggag
attcttgaaqg
taatggtttc
gtttattttt
tgcttcaata
tfcccttttt
taaaagatgc
gcggtaagat
aagttctgcet
gccgeataca
ttacggatgg
ctgcggeccaa
acaacatggg
taccaaacga
tattaéctgg
cggataaagt
ataaatctgg
gtaagccctc
gaaatagaéa
aagtttactc

aggtgéagat'

-actgagégtc

gcgtaatctg
atcaagagct

atactgtcct

aaaatgag;t
ttttatggtg
atcgctacgt
ctgacgggct
ctgcatgtgt
acgaaagggc
ttagacgtca
ctaaatacat
atattgaaaa
tgcgg&attt
tgaagatcag
ccttgagagt
atgtggcgég.
ctattctcag
catgacégta
cttacttctg
ggatcatgta
cgagcgtgac
cgaactactt
tgcaggacca
agccggtgag
ccgfatégga
gatcgctgag
atatatactt
cctttttgét
agaccccgta
ctgct£§caa
accaactctt

tctagtgtag

gatttaacaa
cactétcagt
gactgggtca
tgtctgctcece
cagaggtttt
ctcgtgatac
ggfggcactt
tcaaatatgt
éggaagagta
tgccttéctg
ttgggtgcac
tttcgcccég
gtattatccce
aatgacttgg
agaéaattat
acaacgatcg
actcgccettg
accacgatgce
actctagcett
cttctgeget
cgtgggtctc
gttatctéca
atéggtgcct
tagattgatt
aatctcatga
gaaaagatca
acaaaaaaac
tttccgaagg

ccgtagttag

PCT/US2003/037047
aaatt£aacg 2640
acaatctgct 2700
tggctgegece 2760
cggcatccge 2820
caécgtcatc 2880
gcctattttt 2940
ttcggggaaa 3009
atccgctcaf 3060
tgagtattca 3120
tttttgctéa» 3180
gagtéggtta 3240
aagaacgttt 3300 .
gtgatgacgc 3360
£tgagtactc 3420
gcagtgctgce 3480
gaggaccgaa 3540
atcgttggga 3600
cagcagcaat 3660
cccggcaaca 37é0
cggcecttce 3780
gcggtatcgt 3840
cgacggggag 3900
cactgattaa 3960
taaaacttca 4020
ccaaaatccc 4080.
aaggatcttc 4140
caccgctécc 4200
taactggctt‘. 4260
gccaccactt 4320
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caagaactct
tgccagtégc
ggcgcagegg
ctacaccgaa

gagaaaggcg

gcttccaggg

tgagcgtéga
cgcggcecttt
gttatccect
ccgcagccga
acgcaaaccyg
tccecgactgg
ggcaécccag
tattgttaaa
<210> 2

<211>

<212>
<213>

DNA

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

5171

gtagcaccgc

‘gataagtegt

tcgggctgaa
ctgagatacc
gacaggtatc
ggaaacgcct
tttttgtgat
ttacggttcc
gattetgtgg
acgaccgagc
cctctcceeg
aaagcgggcea

gctttacact

“gtgtgtectt

Artificial
plasmid pSV.ID

misc_feature
(444) .. (4449)
splice donor

misc” feature
(1946) .. (1946)
start pUC118

misc_feature
(1954)..(1954) :
linearization linker inserted into Hpal site

ctacatacct
gtcttaccgg
cggggggtte
tacagcgtga
cggtaagegg
égtatcttta
gctcgtcagg
tggccttttg
ataaccgtat
gcagcgagtc
cgcgttggece
gtgagcgcaa
ttatgcttec

tgtcgatact

cgctctgceta

gttggactca

gtgcacacag

gcattgagga
cagggtcgéa
tagtcctgtce
ggggcggage
ctggcctttt
taccgecttt
agtgagcgag
gattcattaa
cgcaaftaat
ggctcgtatg

ggtactaatg

circular ds-DNA

atcctgttac
agacgatagt
cccagcﬁtgg
agcgccacgce
acaggagagc
gggtttcgcce
ctatggaaaa
gcﬁcacatgt
gagtgagctg
gaagcggaag
tcecagctgge
gtgagttacc
ttgtgtggaa

cttaatt

PCT/US2003/037047
éaétggctgc 4380
taccggataa 4440
agcgaacgac 4500'
ttcccgaagé 4560
gcacgaggga 4620
acctctgact 4680
écgccagcaa 4740
tctttectge 4800
ataccgctcg 4866
agcgcccaat 4920
acgacaggtt 4980
tcactcatta 5040
ttgtgagcgg 5100

5147
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400> 2

ttcgagctcg
cagttagggt
ctcaattagt
caaagcatgc
cccctaactc
tatgcagagg
tttggaggcce
cgcégattcc
cttggctcta
ttgaactgca’
tgcecctecge
gaaggtaaac

aatcgacctt

-cgaggagctc

gaattggcaa
gccatgaatc
agtgacacgt
ggcgtcectcet
aagaaagact
tttataagac

tacaattaat

catccacttt

cgattgaatt

misc_feature
(529} ..(1030)
DHFR coding region

misc feature
(1522)-..(1522)
sv40 origin

cccgacattg
gtggaaagtc
cagcaaccag
atctcaatta
cgcccagttce
ccgaggecgce
taggcttttg
ccétgccaag

gagagatata

tcgtcgeegt.

tcaggaacgce
agaatctggt
taaaggacag
éttttcttgc
gtaaagtaga
aacéaggcca
ttttcccaga
ctgaggtcca
aacaggaaga
catgggactt
acataaqctt
ggctftcﬁct

cceeggggat

attattgact
éccaggctcc
gtgtggaaag
gtcagcaacc
cgceccattct
cteggectct
caaaaagcta
agtgacgtaa
agcctaggat
gtcccaaaat

gttcaagtac

.gattatgggt

aattaatata
caaaagtttg
catggtttgg
ccttagactc
aattgatttg-
ggaggaéaaa
tgctttcaag
ttgctggcett
atgtatcaté
ccacaggtgt

cctectagagt

agagtcgatc
ccagcaggca
tccecagget
atagtcccge
ccgceccatg
gagctattcc
gcttatccgg
gtaccéécta
tttatcccceg
atggggattg
ttccaaagaa
aégaaaacct
gttctcagfa
gatgatgcct
atagtcggag
tttgtgacaa
gggaaatata
ggcatcaagt
ttctcetgcetce
tagaccccct
cacatagatt
cactccaggt

cgacctgcag

gacagctgtg
gaagtatgca
ccccagcagyg
ccctaactcece
gctgactaat
agaagtagtg
cégggaacgg
tagagtctat
gtgccatcat
gcéagaapgg
tgaccacaac
ggttctccat
gagaactcaa
taagacttat
gcagttctgt
ggatéatgca

aacctctccc

ataagtttga

ccctcctaaa
tggcttegtt
taggtgacaé
caactgcacc

aagcttggece

PCT/US2003/037047
gaatgtgtgt 60
éagdatgcat 120
cagaagtatg_ 180
gcécaﬁcccg :240
tttttttétt 300
aggaggcttt 360
tgcattggaa 426
aggéccaccc 480
ggttcgacca 540
agacctaccc AGOO
ctcttcagtg 660
tcctgagaag 720
agaaccacca 780
tgaacaaccg 840
ttaccaggaa 900
ggaatttgaa '960
agaataccca_ 1020
agtctadgag 1080
gctatgcatt ‘1140
agaacgcggce 1200
Atatagaataa 1260
teggttctat 1320
gccatggccce 1380
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aacttgttta
aataaagcat
tatcatgtct
tgaaagagga
tcagttaggg
tctcaattag
gcaaagéatg
gccectaact
ttatgcagag

ttttggaggce

cgccatttaa

tgggaaaacc
tggcgtaata
ggcgaatggce
atacgtcaaa
tggttacgcg
tcttecctte
tceectttagg
gtgatggttc
agtccacgtt
cgggctatt;
agctgattta

ggtgcactct

acgtgactgg: -

ggcttgtctg
gtgtcagagg
gggcctegtg

gtcaggtggce

ttgcagctta-
ttttttcact
ggatcgatcé
acttggttég
tgtggaaagt
tcggcaacca
catctcaatt
ccgeccagtt
gccgaggeeg
ctaggctttt
atcctgcagg
ctggcgttagi
gcgaagaggc
gcctgatgceg
gcaaccatag
cagcgtgacc
ctttctegec
gttccgaﬁtt
acgtagtggg |
ctttaataét

ttttgattta

acaaaaattt

cagtacaatc

gtcafggctg

ctceceggeat

ttttcaccgt

ataégcctat

taatggttac
gcattctagt
ggaattaatt
gtaccttctg

ccccaggctce

ggtgtggaaa

agtcagcaac
ccgcccattce
cctecggecete
gcaaaaagct
féacagcttg
cca;cttaat
ccgcaccgat
gtattttctc
tacgcgcect
gctacactté
acgttcgeeyg
agtgctttac
ccatcgceccect
ggactcttgt
taagggattt
aacgcgaatt
tgctctgaté
cgccccgaca
ccgcttacag
catcaccgaa

ttttataggt

acttttcggg gaaatgtgcg

aaataaagca
tgtggtttgt
cggcgcagca
aggcggaaag
cccégcaggc
gtccccéggc
catagtcccg
tcegeeccat
tgagctattc
gttacctcga
gcactggccg
cgecttgeag
cgecccttecee
cttacgcatc

gtagcggege

atagcatcac
ccaaactcat
ccatggectg
aaccagctgt
agaagtatgc
tccccagceag
cccctaactce
ggctgactaa
cagaagtagt
gcggccgcﬁt
tcgttttaca
cacatccccece
aacagttgcg
tgtgcggtat

attaagcgcg

ccagcgccctAagcgcccgct

gctttceceg
ggcacctcga
gat#gacggt
tccaaactgg
tgccéatttc
ttaacaaaat
ccgcatagtt
cccgccaaca
acaagctgtg
acgcgegagy
taatgtcatg‘

cggaaCCéct

tcaagctcta
ccccaaaaaa
ttttcgecect
aacaécactc
ggcctaftgg
attaacgttt
aagccaactc
cccgctgacg
accgtctcceg
cagtattctt
ataataatgg

atttgtttat

PCT/US2003/037047
aaatttcaca 1440
caatgtatct 1500
aaataacctc 1560
ggaatgfgtg 1620
éaagcatgca 1680
gcagaagtat 1740
cgcccatccce 1800
ttttttttat 1860

‘gaggaggctt 1920
raattaaggcg 1980
acgtcégtgac 2040
cttééccagc 2100
tagcctgaat 2160
ttcacaccge 2220
gcgggtgtgg 2280
cctttcgett 2340
aatcggggge 2400
cttgatttgg 2460
ttgacgttgg 2520
aaccctatct 25802
ttaaaaaétg 2640
acaattttat 2700
cgctatcget 2760
cgcccfgacg 2820
ggagctgcat 2880
gaagacgaaa 2940
tttettagac 3000
ttttctaaat 3060
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acattcaaat

aaaaaggaag
attttgcett
tcagttgggt
gagttttcge
cgcggtatta
tcagaatgac
agtaagagaa

tctgacaacg

" tgtaactcgce

tgacaccacg
acttactcta
accacttctg
tgagcgtggg
cgtagttatc
tgagataggt
actttagatt

tgataatctc

_ cgtagaaaag

gcaaacaaaa
tctttttecg
gtagccgtag
gctaatcctg
ctcaagacga
acagcccagc -
agaaagcgcc
cggaacagga
tgfcgggttt

gagcctatgg

étgtatccgc
agtatgagta
cctgtttttg
gcacgagtgg
cccgaagaac
tcecegtgatg
ttggﬁtgagt
ttatgcagtg
atcggaggac
cttgatecgtt
atgccagcag
gcttcceggce
cgctcggece
tctcgeggta
tacacgacgg
gcctcactga
gagttaaaac
aggaccaaaa
atcaaaggat
aaaccaccgc
aaggtaactg
ttaggccacc
ttaccagtgg
tagttaccgg
ttggagcgaa
acgcttqccg
gagcgcacga
cgccacctet

azaaacgcca

tcatgagaca
ttcaacattt
ctcacccaga
gttacatcga
gttttccaat
acgccgggea
actcaccagt
ctgccataac
cgaaggagct
gggaaccgga
caatggcaac
aacaattaat
ftccggctgg
tcattgcagce
ggagtcaggc
ttaagcattg
ttcattttta
tcecttaacg
cttcttgaga
taccagcgét
gcttcagcag
acttcaagaa
ctgctgecag
ataéggqgca
cé;cétacac
aagégégaaa
gggagcttcc
gacttgagcg

gcaacgcggce

PCT/US2003/037047
ataaccctga taaatgcttce aataatattg 3120
cecgtgtegee cttattécct tttttgcggc 3180
aacgctggtg aaagtaaaag étgctgaaga 3240
actggatctc aacagcggta agatccttga 3300
gatgagcact tttaaagttc tgctatgtgg 3360
agagcaactc ggfcgccgca tacactattc 3420
cacagaaaag catcttacgg atggcatgac 3480
catgagtgat aacactgcgg ccaacttact 3540
aaccgctttt ttgcaéaaqa tgggggatca 3600
gctgaatgaa gccataccaa acgacgageg 3660
aacgttgcgc aaactattaa ctggcgaact 3720
agacfggatg gaggcggata aagttgcagg 3780
ctggtttatt gctgataaat ctégagccgg 3840
actggggcca gatggtaagc cctcccgtat 3900
aactatggat gaacgaaata gacagatégc 3960
gtaactgtca gaccaagttt actcatétat 4020
atttaaaagg atctaggtga agétcctttt 4080
tgagttttcg ttccactgag qgﬁcagaccc 4140
tecttitttt ctgcgcgtaa-tctgctgctt 4200
ggtttgtttg ccggatcaag agctaccaac 4260
ggcgcagata ccaaatactg tccttetagt 4320
ctctgtageca ccgectacat acctegetct 4380
tggcgataag -tcgtgtctta ccgggttgga '4440
gcggtcggge tgaacggggg gttegtgcac 4500
cgaaétgaga'tacctacagc gtgagcattg 4560
ggcggacagg tétccggtaa'gcggcagggt ‘ 4620
agggggaaac gcctgétatc tttatagtece 4680
ﬁcgattttfg tgatgctcgt caggggggceg 4740
ctttttadgglttcctggcct tttgctggece 4800
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ttttgctéac atgttctttc ctgcgttate ccctgattct gtggataacc gtattaccgce 4860
ctttgagtga gctgataccg ctcgecgecag ‘ccgaacgace gagcgcagceg agtcagtgag 4920
. cgaggaagcg gaagagcgcc caatacgcaa accgcctetc cccgegegtt ggccgattca . 4980
ttaatccagc tggcacgaca ggtttccéga ctggaaagcg ggcagtgage gcaacgcaat 5040
taatgtgagt tacctcactc attaggcacc ccaggcttta cactttatgc ttccggectceg 5100
tatgttgtgt.ggaattgtga gcggataaca atttcacaca ggaaacagct atgaccatga - 5160
ttacgaatta a ' . 5171
<210> 3

<211> 5712

<212>° DNA _

<213> Artificial

<220> . ,
<223> plasmid pSV.IPD circular ds-DNA

<220> .
<221> misc_feature
<222> (444)..(444)
<223> splice donor.

<220>

<221> misc_feature
'«¢222>  (479)..(479)
<223> start PUR coding

<220>

<221> misc_feature
<222> (1079)..{1643)
<223> DHFR coding region

Zigg;gcicg cccgacattg‘attattgact agagtcgatc gacagctgtg gaafgtgtgt | 60
cagttagggt gtégaaagtc cccaggcectec ccagcaggcea gaagtatgca aagcatgcat » 120
ctcaaftégt cagcaaccag gtgtggaaag tcéccaggcticcccégcagg cagaagtatg - 180
caaagcatgc atctcaatta gtcagcaacc atagtccege ccgtaactcc-gcccatcccg 240
cccctaacfc cgcccagttce cgé§cattct ccgecccatg gectgactaat tttttttatt 300
tatgcagagg ccgaggccge ctcgééétét gagctattce agaagtagtg aggaggcttt - 360

tttggaggcc taggecttttg caaaaagcta gcttatccgg ccggéaacgg tgcattggéa 420
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cgeggattcee
gaccgagtac
caccctcgcece
ccacatcgag
cggcaaggtg
cgtcgaageg
ccggcectggece
cgcgtggttc
cgcegtegtg
gacctccgeg
cgtcgagtgc
ggttcgacca
agacctaccc
étcttcagtg
tcctgagaag
agaaccacca
tgaacaaccé
ttaccaggaa
ggaatttgaa
agaataccca
agtctacgag
agaccatggg
taatacataa
ctttgcecttt
ttgaattccec
caacttgttt
aaataaagca
ttatcatgtc

ctgaaagagg

ccgtgecaag
aagcccacgg
gccgegtteg
cgggtcaccg

tgggtcgcgg

_ggggcggtgt

gcgcagcaac
ctggccaccg
ctceccecggag
cceccgcaace
ccgaaggacce
ttgaactéca
tgcecctecge
gaaggtaaac
aatcgécctt
cgaggagctc
gaattggcaa
gccatgaatc
agtgacacgt
ggcgtectet
aagaaagact
acttttgctg
dcttatgtat
ctctccacag
cggggatcct

attgcagctt

tttttttcac

tggatcgatc

aacttggtta

agtgacgtaa
tgcgectcge
ccgactaccc
agctécaaga
aégacggcgc

tcgccgagat

.agatggaagg

tcggegtcte
tggaggcggce
tccccttcta
gcgcgacctg
tcgtcgeegt
tcaggaacgc
agaatctggt
taaaggacag
attttcttge
gtaaagtaga
aaccaggcca
ttttcccaga
ctgaggtcca
aacgttaact
gctttagatc
catacacata
gtgtccactc
ctagagtcga
ataatggtta

tgcattctag

gggaattaaf

ggtaccttct

gtaccgccta
cacccgcgac
cgccacgcege
aétcttcctc
cgeggtggeg
cggceccgege

cctectggeg

‘gceccgaccac.

cgagcgcgec
cgagcggctce
gtgcatgacc
gtcccaaaat
gttcaagtac
géttatgggt
aattaatata
caaaagtttg
catgétttgg
ccttagactc
aattgatttg
ggaggaaaaa
gctcccctcé
cccttggett
cgatttaggt

ccaggtccaa

cctgcagaag’

caaataaagc
ttgtggtttg
tcggcgecagce

gaggcggaaa

tagagcgact
gacgtcccge
cacaccgtag
acécgcgtcg
gtctggacca
atggccgagt

ccgcaccggc

.cagggcaagg

ggggtgececg

ggcttcaccg

‘cgcaagccceg

atggggattg

ttccaaagaa
aggaaaacct
gttctcagta
gatgatgéct
atagtcggag
tttgtgacaa
gggaaatata
ggcatcaagt

taaagctatg

.cgttagaacg

gacactétag
ctgcacctcyg
cttcgatgge
aatagcatca
tccaaactca
accétggcct

gaaccagctg

tggaatgtgt

PCT'/U82003/03704'7
agtccaccat 480
gggccgtacg 540
acccgéaccq ~ 600
géctcgacat 660
cgccggagag 720
tgagcggttc 780
ccaaggagcc .840
gtctgggcag 960
ccttcctgga 960
tcaccgccgé 1020
gtgccaacat 1080
gcaégaacQg 1140
tgaccacaac .1200
ggttctccat. 1260
gagaactcaa 1320
taaggcttat 1380
gcagttctgt 1440
ggatcatgca 1500
aacctctcce 1560
ataagtttga 1620
catttttata 1680
cagctacaat . 1740
ataacatcca 1800
‘gttctatcga 1860
cgccétggcc 1920
caaattfcac. 1980
tcaatgtatc 2040
gaaataacﬁt 2100

© 2160
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gtcagttagg
atctcaatta
tgcaaagcat

cgccectaac

tttatgcaga.

tttttggagg
gcgccattta
ctgggaaaac

ctggcgtaat

tggcgaatgg,

catacgtcaa
gtgéttacgc

ttcttceectt

ctccctttag

ggtgatggtt
éagtccacgt
tcgggctatt
gagctgattt
tggtgcactc
tacgtgactg
gggcttgtct
tgtgtcagag

agggéctcgt

‘cgtcaggtag

tacattcaaa
gaaaaaggaa

cattttgcet

atcagttggg

gtgtggaaag
gtcagcaacc
gcatctcaat

thgcccagt

ggccgaggcec

cctaggcettt
aatcctgcag
cctggegtta
agcgaaéagg
cgcctgatge
agcaaccata
gcagcgtgac
cctttctege
ggftccgatt
cacgtagtgg
tctttaatag
cttttgattt
aagaaaaatt
tcagtacaat
ggtcatggct
gctcccggea
gtitttcaccg
gatacéccta
cacttﬁtcgg

tatgtatccg

gagtatgagt

tcctgttttt

tgcacgagtg

tcceccaggcet
aggtgtggaa
tagtcagcaa
tccgeccatt
gcctcggect
tgcaaaaagc
gtaacagctt
cccaacttaa
cccgcaccéa
ggtattttct
gtacgcgccce
cgctacactf
cacgtfcgcc

tagtgcttta

.gccatcgece

tggactcttg

ataagggatt

taacgcgaat

ctgctctgat
gcgceccgac
tcecgcttaca
tcatcaccga

tttttatagg

ggaaatgtgc

ctcatgagac
attcaacatt
gctcacccag

ggttacatcg

ccccagcagg
agtccccagg
ccatagtccc
ctcegececca
ctg;gctatt
tgttécctcg
ggcactggcce
tqgcéttgcé
tcgcecttcec
ccttacgcaf
tgtagcggcg
gccagcgcce
ggctttcecce
cggcacctcé
tgatagacgg
ttccaaactg
ttgcecgattt
tttaacaaaa
gccgcatagt
acccgccaac

gacaagctgt

aacgcgcgag

ttaatgtcat
gcggaaccce
aataaccctg
tcegtgtege
aaacgctggt

aactggatct

10

cagaagtatg
ctccccggca
gccectaact
tggctgacta
ccagaagtag
agcggccgcet
gtcgttttac
gcacatcccc
caacggttgc
ctgtgcggta
cattaagcgc
tagcgcccgé
gtcaagctct
accccaaaaa
tttttcgeee
gaacaacact
cggcctattg
tattaacgtt
taagccaact
acccgctgac
gaccgtctcc
gcagtattct
gataataatg

tatttgttta

ataaatgctt'

écttattccc
gaaagtaaaa

caacagcggt

PCT/US2003/037047
caaagcatgc 2220
ggcagaagta 2280
ccgcceccatcece 2340
attttttt;a 2400
tgaggaggct 2460
taattaaggce 2520
aacgtcgtga 2580
ccttcgccag 2640
gtagcctgaa 2700
tttcacaccg 2760
ggcgggtgtg 2820
tcctttceget 2880
aaatcggggg 2940
acttgatftg 3000
tttgacgttg 5060
caaccctatc 3120
gttaaaaaat 3180
:tacaatttta 3240
ccgctatege 3300
gcgccctgac 3360
gggagctgea 3420
tgaagacgaa .3480
gtttéttaga 3540
tttttctaaa 3600
caataatatt 3660
ttttttgcgg ‘3720
gatgctgaag 3780
aagatccttg 3840
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agagttttcg
gcgcggtatt
ctéagéatga
cagtaagaga
ttctgacaaé
atgtaactcg
gtgacaccac
tacttactct
gaccacttct
gtgagegtgg
tcgtagttat
qtgagatagg
tactttagat

ttgataatct

ccgtagaaaa

tgcaaaéaaa
ctctttttcce
tgtagccgta
tgctaatcct
actcaagacg
cacagcccag

gagaaagcgce

tcggaacagg

ctgtcgggtt
ggagcgtétg
cttttgctca

cctttgagtg

. gcgaggaagce

attaatccag

ccccgaagaa
atcccgtgat
cttggttgag
attatgcagt
gatcggagga
ccttgategt
gatgccagca
agcttcecgg
gcgcteggee
gtctcgeggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa

gatcaaagga

aaaaccaccg

gaaggtaact
gttaggccac
gttaccagtg
atagttaccg
cttggagcga
cacgcttccc
agagcgcacg
tcgecaccte
gaaaaacgcc
catgttcttt
agctgatacc
ggéagagcgc

ctggeacgac

cgttt£ccaa
gacgccggge
tactcaccag
gctgccataa
ccgaaggagc
tgggaaccgg
gcaatggéaa
caacaattaa
cttccggetg
atcattgcag
gggagtcagg
attaagcatt

cttcattttt

atcccttaac

tcttctfgag
ctaccagcég
ggcttcagca
cacttcaaga
gctgctgcca
gataaggcgce
acgacctacé
gaagggagaa
agggagcttc
tgacttgagce
agcaacgcgg
cctgegttat
gctcgceccgea
ccaatacgca

éggtttcccg

tgafgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgéttt
agctgaatga
caécgttgcg
tagactggat
gctggtttat
cactggggcc
caactatgga
ggtaactgtc
aatttaaaag
gtgagttttce
atcctttttt
tggtttgttt
gagcgcégat
actctgtagce
gtggcgataa
agcggtcggg
ccgaactgag
‘aggcggacag
cagggggaaa
gtcgattttt
cctttttacg
cpcctgattc
gccgaacgac
aaccgcctct

actggaaagc

1

ttttaaagtt
cggtcgecge
gcatcttacg
taacéctgcg
tttgcacaac
agccatacca
caaactatta
ggaggcggat
tgctgataaa
agatggtaag
tgaacgaaat
agacéaagtt
gatctaggtg
gttccactga
tctgcgcgta
gécggatcaa
accaaatact
accgcctaca
gtogtgtett
ctgaac;ggg
atacctacag
gtatécggta
cgcctggtat
gtgatgctcg
gttcctggee
tgtggataac
cgagcgcagce
ccccgcgcét

gggcagtgag

PCT/US2003/037047
ctgctatgtg 3900
atacactatt 3860
gatggcatga 4020
gccaacttac 4080
atgggggate 4140
aacgacgagc 4200
actggégaac 4260
aaagttgcag 4320
tctggagccé » 4380
cccteccgta 4440
agacagatcg 4500
tactcatata 4560
aagatccttt 4620
gcgtcagacc 4680
atctgctgct 4740
gagctaccaa 4800
gtccttctag 4860
tacctcgctc 4920
accgggttgg 4980
ggttcgtgca 5040
cgtgagcatt 5100
agcggcaggg 5160
ctttatagtc - 5220
tcaggggggé 5280
ttttgctgac 5340
cgtattaccg 5400
gagtcagtga 5460
tggeccgatte 5520
cgcaacgcaa 5580
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ttaatgtgag ttacctcact cattaggcac cccaggettt acactttatg cttccggete 5640°

gtatgttgtg tggaattgtg agcggataac aatttcacac aggaéacagc tatgaccatg 5700

attacgaatt aa

<210>

<211>
T <212>

<213>

<220>
<223>

<220>

<221>
222>

_<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

<221>

<222>

<223>

<220>
<221>
<222>
<223>

<400>

4

12514

DNA
Artificial

plasmid pSV.IPD.2C4 circular ds-DNA

nisc_feature
(444)..(444)
splice donor

misc_feature
(479)..(479)
start PUR coding

misc_feature
(1079)..(1643)
DHFR coding region

misc_feature
{1883)..(1883)

start 2C4 HC coding

misc_feature
(4154)..(4154)
start LC coding

4

ttcgagetcg cccgacattg attattgact agagtcgatce

cagttagggt gtggaaagtc cccaggctcc ccagcaggcea

ctcaattagt cagcaaccag gtgtggaaag tccccagget

caaagcatgc atctcaatta. gtcagcaacc atagtcccge

cccctaacte cgcccagttd cgccecattct ccgeeccatg

12

gacagctgtg gaatgtgtgt

gaagtatgca éagcatgéat'

ccccagcagg cagaagtatg

ccctaacteec gecccatcecg

gctgactaat tttttttatt

5712

60
120
180
240

300
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tatgcagagg
tttggaggcce
cgcggattcc
gaccéagtac
caccctegec
ccacatcgag
cggcaaggtj

cgtcgaagceg

ccggetggee

cgcgtggttce
cgcegtegtg
gacctccgeg
cgtcgagtgce
ggttcgacca
agacctaccc
ctecttcagtg
tcctgagaag
agaaccacca
tgaacaaccg
ttaccaggaa
gggatttgaa
agéataccca

agtctacgag

agaccatggg

taatacataa
actttgectt
attgaattcc

agtacattca

ccgaggccge
taggcttttg
ccgtgccaag
aagcccacgg
gccgegtteg
cgggtcaccg
tgggtcgegg
ggggeggtgt

gcgcagcaac

‘ctggccaccyg

ctcceecggag
ccccgeaacce
ccgaaggacce
ftgaactgca
tgccctcecege
gaaggtaaac
aatcgacctt
cgaggagcectc
gaattggcaa
gcéatgaatc
agtgacacgt
ggcgtectct
aagaaagact
acttttgctg
gcttatgtat
tctctcéaca
accatgggat

gaagttcagc

ctcggcctcf
caaaaagcta
agtgacgtaa
tgcgcctcege
ccgactaccce
agctgcaaga
acgacggcgce

tcgecgagat

agatggaagg.

teggegtcete
tggaggcgge
tccecttcta
chcgacctg
tcgtcgccgt
tcaggaacgc
agaatctggt
taaaggacag
attttcttge
gtaaagtaga
aaccaggcca
ttttcccaga
ctgaggtcca
aacgttaact
gctttagatc

catacacata

ggtgtccact

ggtcatgtat

tggtggégtc

gagctattcc
gcttatccgg

gtaccgccta

cacccgcegac

cgccacgcgce
actcttccte
cgeggtggeg

cggcccgcgce

cctectggeg.

gcccgaccac
cgagcgcegcec
cgagcggétc
gtgcatgécc
gtcccaaaat
gttcaagtac
gattatgggt
aattaatéta
caaaagtttg
catggttggg
ccttagactc
aattgatttg
égaggaaaaa
gctéccctcc
cccttggett
cgatttaggt
cccaggtcca

catccttttt

tggcggtgge

13

agaagtagtg
ccgggaacgg
tagagcgact
gacgtéccgc
cacaccgtag

acgcgcgteg

gtctggacca

atggccgagt
ccgcaccgge
cagggcaagg

ggggtgcccg

‘ggcttcaccyg

cgcaagcccg
atggggattg
ttccaaagaa
aggaaaacct
gttctcagta
gatgatgcct
atagtcggag
tttgtgacaa
gggaaatata
ggcatéaagt
taaagctatg
cgttagaacyg
gacactatag
actgcacctc
ctagtagcaa

ctggtgcagce

PCT/US2003/037047
aggaggcttt 360
"tgcattggaa 420
agtccaccat 480
gggbcgtaég 540
acccggaccg 600
ggctcgacat 660
cgccggagag 720
tgagcgéttc 780
ccaaggagcc 840
gtctgggcag 900
ccttcetgga 960
tcaccgeega 1020
gtgccaacat 1080
gcaagaacgg 1140
tgaccacaac 1200
ggttctccat 1260
gagaactcaa 1320
taagacttat 1380
gcagttctgt 1440
ggatcatgca. 1500
aacctctccce 1560
ataagtttga .1620
catttttata 1680
cagc£acaat 1740
aataacatcc = 1800
ggttctatég 1860
ctgcaactgé -1920
cagggggctc l980
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actccgtttg

ccgtcaggcece

ctctatctat

cacattatac
tcgfaacctg
ctcctcggece
ctctgggggce
ggtgtcgtgg
gtcctecagga
ccagacctac
tgagcccaaa
ggggggaccyg
gacccctgag

caactggtac

_ gtacaacagc

tggcaaggag

catctccaaa
ggaagagatg
cgacatcgcce
tcecegtgcetg
caggtggcag
ctacacgcag
acctgéagaa
acaaataaag
gttgtggttf
gcécagcacc
gcggaaagaa
cagcaggcag

cceccaggcete

tcctgtgcag
ccgggtaagg
aaccagcgct
ctgcaéatga
ggaccctctt
tccaccaagg
acagcggccc
aactcaggcg
ctctactccc
atctgcaacg
tcttgtgaca
tcagtcttce
gtcacatgcg
gtggacggcg
acgtaccggyg
tacaagtgca
gccaaagggce
accaagaacc
gtggagtggg
gactccg#cg
caggggaacg
aagagcctct
gcttcgatgg
caatagcatc
étccaaactc
atggcctgaa
céaéctgtgg
aagtatgcaa

cccagcaggce

cttctggcett
gcctggaatg
tcaagggccg
acagcétgcg
tctactttga
gcccatcggt
tgggctgect
ccectgaccag
tcagcagcgt
tgaatcacaa

aaactcacac

tcttcecccee

tggtggtgga
tggaggtgca
tggtcagcegt
aggtctccaa
agccccgaga
aggtcagcct
agagcaatgg
gctecttcett

tcttctcatg

ccctgtctce

ccgccatggc

‘acaaatttca

atcaatgtat

ataacctctg
aatgtgtgtc
agcatgcatc

agaagtafgc

caccttcacc
ggttgcagat
tttcactctg
tgctgaggac
ctactggggt
cttceccectyg

ggtcaaggac

cggcgtgcac

ggtgactgtg

gcccagcaac |

atgcccaccg
aaaacccaag
cgtgagccac
taatgccaag
cctcaccgtce
caaagcccte
accacaggtg
gacctgcétg

gcagceggag

cctctacagc

ctccgtgatg-

gggtaaatga
ccaacttgtt
caaataaagc
cttatcatgt
aéagaggaac
agttagggtg
tcaattagtc

aaagcatgca

14

gacta£acca
gttaatccta
agtgttgaca
actgccegtct
caaggaaccc
géaccctcct
tacttccecg
accttcecegg
ccctctagea
accaaggtgg
tgcccageac
gacaccctca
gaagaccctg
acaaagccgc
ctgcaccagg
ccagccccca
tacaccctge
gtcaaaégct
aacaactaca
aagctcaccg
catgaggctc
gtgcgacggce
tattgcégct
atttttttca
ctggatcggg
ttggttaggt
tggaaagtcce
agcaaccagg

tctcaattag

PCT/US2003/037047
tggactgggt 2040
acagtggcgg 2100
gatctaaaaa 2160
‘attattgtgce 2220
tggtcaccat 2280
ccaagagcac 2340
aaccggtgac 2400
ctgtcctéca 2460
gcttgggcac 2520
acaagaaagt 2580
ctgaactcct 2646
tgatctcceg 2700
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